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ABSTRACT 

Haloceras. until now included in thc Trichotropidae, is 
made the type of a ncw Family, Haloceratidae. considercd 
related to but more primitive lhan the Tonnoidea and the 
Echinospirida, on the basis of new anatomical information. 
The main différence from existing tonnoidean families is a 
more primitive nervous System and the absence of complex 
salivary glands. The new family shows similarities to the 
Trichotropidae. a family which should be included in the 
Echinospirida. Micropiliscus Dali. 1927, until now included in 
thc Trochidae, is synonymized with Haloceras. and the new 

genus Zygoceras is introduced. Seventeen named species (ten 
new) and thrcc left unnamed are here included in the family. 
Ail  species live on the outer part of the continental shelf and 
the slope. down to about 3500 m depth. Species of Haloce- 
ratidac are known from the mid and low latitudes of the 
Atlantic, lndian, East and West Pacific océans. Ail  but one 
species hâve planklotrophic larval development and one 
species is known from both the Atlantic and thc lndian 

RESUME 

Position systématique et révision du genre Haloceras Dali, 
1889 (Caenogastropoda, Haloceratidae fant. nov.). 

Le genre Haloceras était jusqu'ici classé dans les Tricho- 
tropidac. Sur la base de nouveaux caractères anatomiques,u- 
ne famille nouvelle Haloceratidae est créée. Elle est considé¬ 
rée proche de, mais plus primitive que les Tonnoidea et les 
Echinospirida. Les différences principales qui séparent les 
Haloceratidae de la lignée tonnoïde sont un système nerveux 
plus primitif  et l'absence de glandes salivaires complexes. 
Cette nouvelle famille présente des ressemblances avec les 
Trichotropidae, qui doivent d'ailleurs être classés dans les 

Echinospirida. Le genre Micropiliscus Dali, 1927. jusqu'ici 
classé dans les Trochidae. est placé en synonymie d‘Haloce¬ 
ras. et le nouveau genre Zygoceras est décrit. La famille 
comprend dix-sept espèces nommées (dont 10 nouvelles) et 
trois laissées sans nom; toutes vivent sur les parties profondes 
du plateau continental et sur la pente, jusqu'à 3500 m 
environ, aux latitudes basses et moyennes dans les océans 
Atlantique. Indien, Ouest et Est Pacifique. Toutes les espèces, 
sauf une. ont un développement larvaire planctotrophe et une 
espèce est connue à la fois de l'océan Atlantique et de l'océan 
Indien. 

Warbn. A. & Bouchet, P.. 1991 Mollusca Gastropoda : Systematic position and révision of Haloceras. Dali 1889 (Caenogastropoda. 
Haloceratidae fam. nov.). In : A. Crosnii-r & P. BoucmrT (eds). Résultats des Campagnes Musorstom, Volume 7. Mèm. Mus. nam. Hisi. nui.. 
(A), 150 : Il  1-161. Paris ISBN : 2-85653-180-6. 
Publié le 20 mars 1991. 
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INTRODUCTION 

Historjcal background 

Based on shell and opercular features, Dali. 

(1889) introduced the name Haloceras for lhe 

NW Atlantic deep-sea gastropod Cithna cingu- 

lata Verrill, 1884. He considered Haloceras a 

subgenus of Separatista Gray, 1847 (then placed 

in the Adeorbidae, now, in our view correctly, 

placed in lhe Trichotropidae). Thiele (1929: 243) 

and Wenz (1940: 890) classified Haloceras as a 

subgenus of Torellia Jeffreys, 1867 in the family 

Trichotropidae ( = Capulidae). 

Dall (1927) described Micropiliscus, as a 

subgenus of the trochid genus Solariella Wood, 

1842, differing from the typical species by having 

a brownish larval shell. Micropiliscus has since 

been retained in the Archaeogastropoda as a 

subgenus of Solariella by the few authors that 

hâve menlioned or listed il (Thiele, 1929: 48; 

Wenz, 1938: 275; Quinn, 1979: 43). 

During the last 10 years we hâve been aware 

that there exist several species similar to Haloce¬ 

ras, and we hâve been accumulating material of 

them and searching muséum collections we hâve 

The genus Cithna A. Adams, 1863 has fre- 

quently been used for strange. globular or dis- 

coid gastropods, among them Haloceras. Pre- 

sently (Thiele, 1929: 64; Wenz, 1938: 336) 

Cithna is classified among the archaeogastro- 

pods. We figure (Figs 44-45) a syntype from 

USNM, to show the planktotrophic larval shell 

Abbreviations used in text: 

sh(s) - - (empty) shell(s); 

spm(s) — (live taken) specimen(s); 

ams The Australian Muséum, Department of 

Invertebrate Zoology, Sydney: 

bmnh British Muséum of Nalural History, 

Mollusca Section, London; 

lacm Los Angeles County Muséum of Natu¬ 

rel History, Los Angeles; 

mnhn Muséum national d'Histoire naturelle. 

Paris; 

visited. The présent paper is based on ail the 103 

specimens and shells that, to our knowledge, 

hâve been taken by océanographie expéditions 

worldwide in 120 years. The absence of fossil 

record should probably be inlerpreted as a 

reflection of the rarity of the family. It is 

remarkable to note that. whereas the first halo- 

ceratid specimen was collected in 1870 (although 

described in 1883), 64 % of lhe specimens now 

available hâve been taken in just the last 20 

years. No haloceratid was taken during the 

“ Challenger ", “ Valdivia " or " Siboga " expé¬ 

ditions. and half of the species had not been 

collected 10 years ago. Two régions, the South¬ 

west Pacific with 8 species and the North 

Atlantic with 6 species. now contain together 

82% of the species of the family, but this simply 

represents a collecting effort artefact. We believe 

thaï future exploration of tropical deep waters 

will  greatly increase the number of species in lhe 

family. 

A. Adams, 1863 

which directly excludes Cithna from the Ar¬ 

chaeogastropoda. The soft parts are not known, 

but a position in lhe vieinity of Scrupus Finlay, 

1924 (position in Rissooidea presently unknown, 

see Ponder, 1985), seems very likely. judging 
from shell morphology. 

mom Musée océanographique, Monaco; 

nmnz National Muséum of New Zealand, 
Wellington; 

nsmt National Science Muséum, Tokyo; 

rmnii Rijksmuseum van Natuurlijke Historié, 
Leiden; 

usfc United States Fisheries Commission; 

usnm U.S. National Muséum of Naturel 

History, Division of Mollusks, Washington 
D.C.: 

zmc Zoologisk Muséum. Kôbenhavn. 

Source : MNHN, Paris 
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MATERIAL  AND METHODS 

Most species are known from empty shells, 

sometimes with partly decayed and dried soft 

parts. These were used for radular préparation 

after rehydration. The alcohol prescrved spéci¬ 

mens turned oui to be a problem since the soft 

parts could not be extracted without damaging 

the shells. which was too great a drawback when 

often only one or two shells were known of the 

species. Therefore they were dried and the soft 

parts loosened from the columella by gently 

pushing them backwards, into the shell. After 

thaï they were rehydrated in buffered formalin 

and extracted. They could then be used for 

examination of external morphology and some 

rough dissections, including préparation of the 

radula. 

The anatomical descriptions are thus mainly 

based on dried and rehydrated specimens of: 

Haloceras carinata (rmnh) 

Haloceras cingulata (usnm 52077) 

Haloceras galerita (holotype). A partly damaged 

head-foot was serially sectioned in the same 

way as Z. tropidophora. It contained none of 

the organs behind the cephalopedal haemo- 

coel. 

Haloceras japonica (lacm 67-167.2) 

Haloceras tricarinata (" Discovery " stn 10141) 

Zygoceras tropidophora (paratype). The specimen 

was decalcified, serially sectioned at 5 pm and 

stained with Ehrlich's haematoxylin - eosin. 

One specimen was dried to allow safe removal 

of the body from the shell after rehydration 

and used for radular préparation. 

ANATOMY  

EXTERNAL MORPHOLOGY 
Figs 1-2 

The general colour of the soft parts in alcohol 

is whitish-yellowish transparent, with a more 

opaque osphradium and occasionally (Z. tropi¬ 

dophora) a brownish-violet intestine and sto- 
mach. 

The body consists of about 1.7 whorls in Z. 

tropidophora, of which the voluminous head-foot 

and palliai complex occupy 0.25-0.30 whorls. 

The rather shallow palliai cavity reaches back 

about 0.25 whorls and its most posterior part 

forms a blunt wedge-shaped space between the 

pericardium and cephalo-pedal haemocoel. 

The columellar muscle (Fig. 2) is solid and 

broad but very short. 

The head-foot is large, occupies about 0.25 

whorls (slightly more in the tall-spired species) 

and the palliai skirt covers most of this when the 

soft parts are retracted. Many of the internai 

organs can be seen by transparency (Figs 1-2). In 

H. tricarinata the posterior part of the foot is 

quite suckershaped. in other species less so but to 

some extent it is divided in a more solid. 

rounded, posterior part and an anterior, thinner, 

strongly folded, and probably very motile part. 

The latter has been strongly contorted in ail 

specimens but its anterior dorsal side carries a 

large and fleshy propodium, well aligned with the 

anterior edge of the foot. The lower part of the 

side of the foot is distinctly demarcated from the 

upper parts, by a more or less distinct horizontal 

furrow (Fig. 3) and by having a rougher surface. 

H. tricarinata and Z. tropidophora hâve a large 

posterior pedal gland opening in the posterior 

part of the foot. This could not be discerned in 

the other species, but neither could its absence be 

ascertained. On the rear, dorsal part of the foot, 

there is a thick but fragile, yellowish operculum. 

In species with a depressed or disc-shape shell the 

operculum (Figs 28, 31-34) is fan-shaped with the 

initial coils situated apically, but they are usually 

worn off in large specimens, so only the lalest 

formed section of the fan remains. In more 

tall-spired species the operculum is more ovate 

and spirally coiled. If  the nucléus is left, there is 

a distinctly set off part, which is thinner. smoo- 

ther and multispiral, and which corresponds to 

the larval operculum. 

The head is about as broad as the foot and 

equipped with tentacles which in one specimen of 

Zygoceras tropidophora are tapering, long and 

Source : MNHN, Paris 
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Figs. 1-2. Zvgoceras tropidophora, extcrnal view ol soit 
paris. I. 'right side. 2. Lefi side. Fine vertical linos 
indieate position of cross sections with corresponding 
Fig. number. 

aa antenor aorta; au auriclc; bv blood 
vessel; cm columcllar muscle: e — eye: i 
intestine; k rénal organ; me mantle edge; mp 
mesopodium; ng rénal gland; o opcreulum; oe - 
ocsophagus; p pénis; pu posterior aorta; ph 
proboscis; pp - propodium: r rectum; si 
stomach: te tcntacle; ve vcntriclc. 

slender; in the other species, strongly wrinkled, 

short and conical, and evidently strongly 

contracted. AU species hâve large eyes situated 

dorso-laterally on, and of a diameter correspon¬ 

ding to about 2/5 of. the tentacle base. The 

tentacles are connected by a thin skin-lold. 

covering the proboscis. The dorsal body-wall is 

quite thick and muscular. 
Presumably no species hâve a snout. This 

could, however, not be veriiied in some spéci¬ 

mens, because the proboscis has been more or 

less everted in ail specimens examined and in 

some specimens which were badly preserved and 

dried it could not be seen if  there was a tip of a 

proboscis or a snout. 

The pleurembolic proboscis, often partly ever¬ 

ted, is quite solid and muscular, in Z. tropido- 

phorei 5 mm long and 2.5 mm diameter, but can 

unquestionably be extended much more since the 

wall of the proboscis sheath is about 1 mm thick. 

The buccal mass is fairly small, 0.8 mm long and 

0.6 mm diameter. There is a pair of solid. slender 

jaws (Figs 4. j; 29, 30). 
AU specimens examined had a simple, flatte- 

ned, finger-shaped pénis altached slightly behind 

and below the right tentacle (Fig. 1). In H. 

japonica, II. galerita and H. cingulata, the pénis 

also had an anteriorly dirccted simple fold-like 

process. Such a flap was missing in Z. tropido¬ 

phora and H. carinata. It was not possible to 

distinguish an external sperm groove, but il  can 

be seen in sections of the two sectioned species. 

Some species (H. cingulata. Z. tropidophora) 

hâve an external skinfold on the inner and distal 

part of the palliai oviduct, but ils morphology 

could not be studied in detail. 

One specimen of Haloceras carinata had a 

large egg-mass in the palliai cavity (Figs 64-65), 

measuring 0.9 x 0.9 x 1.6 mm and consisting of 

about 200 developing, shell-less embryos of a 

diameter of about 0.16 mm. Due to the dried 

State of the specimen it was not even possible to 

verify the presence of an oviduct. but a pénis was 

présent. 
One specimen. Haloceras japonica. proved to 

be ovoviviparous and had 9 large embryos (Fig. 

64) in the partly ruptured (from drying?) ovi- 

ducl. These embryos were lying in the duct 

behind the palliai cavity. along almost one whorl 

of the viscéral mass. This specimen also had a 

pénis of normal appearance and position for the 

genus. 
The palliai cavity is wide and spacious (Fig. 3). 

The anterior edge of the palliai skirt has a simple, 

thick and muscular. well delined zone with no 

papillae or appendices. Al the left corner this 

zone is broader and thicker. and may function as 

a siphon. 

The gill occupies a narrow zone, from the 

thickened edge of the palliai skirt backwards to 

the bottom of the cavity and consists of about 25 

flattened. lingershaped Icaflets, in Z. tropido- 

Source : MNHN, Paris 
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Fig. 3. Zygoceras tropidophora, cross section of body behind tcntacles. 
apg acccssory pcdal ganglion: av alïereni branchial vcssel (Iront rectal sinus); bmr buccal mass retractor: 

epe ccrebro-pcdal connective; a etenidium; dpg duel of posterior pcdal gland; hg hypobranchial gland:/g 
latéral groove; mb muscle bundlcs l'rom proboscis sheath: oc ocsophagus: og osphradial ganglion: os 

osphradium; p pénis: pm palliai margin; pn - (outer) pcdal nerve: poil palliai oviduct; ppg posterior pcdal 
gland; reg right cérébral ganglion; rm - - retractor muscle of proboscis: rpg righl pcdal ganglion: rs rectal sinus; 
sia — statocyst. Scalc line I mm. 

Source : MNHN, Paris 
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phora 1.1 mm long and of a diameter of aboul 

0.1 mm. In H. galerita they were 45 in number. 

0.5 mm long. 0.07 mm broad and 0.03 mm thick. 

In the posterior part of the cavity the gill  is fairly 

central, anteriorly it bends slightly over to the 

left. 

The osphradium is partly bipectinate and it is 

situated along the anterior 3/5 of the gill. Il  

consisls of 15-30 leaflets (in Zygoceras tropido- 

phora 0.5 mm long and 0.12 mm broad) facing 

the gill  and half that number of smaller leaflets 

along facing to the left. In H. tricarinata only the 

outer half was bipectinate, in Z. topidophora the 

inner half bipectinate and in H. cingulata il was 

probably monopectinate. 

The rectum runs almost centrally in the palliai 

cavity and ends close to the edge of the palliai 

skirl. Ils most distal part is free from the palliai 

roof. 

The specimen of //. carinata had white faecal 

pellets in rectum and a foraminiferan in the 

slomach. A specimen of Z. tropidophora had a 

few small faecal pellets in rectum, consisting of 

unidentified organic material and free from mi¬ 
nerai parlicles. 

The hypobranchial gland is very thin and 

inconspicuous. It covers the inner side of the 

rectal sinus and a part of the palliai skirt in the 

central part of the palliai cavity. but can only be 

discerned in histological sections. 

INTERNAI. ANATOMY  
Figs 3-27 

Head-foot 

The tentacles, the sides and the back of the 

head-foot are covered by a thin epithelium, on 

the sides of the foot with numerous large mucus 

producing cells mixed with the épithélial cells. 

Mucous cells are common also on the pénis. The 

hypobranchial (Figs 3, 5, hg) gland consists of a 

single layer of sccreting cells, which covers the 

left side of the rectal sinus and the palliai roof 

leftwards to the gill, from just in front of the 

rectum back to the kidney. 

The sole of the foot has a dense layer, one cell 

thick, of mucous cells directly under the epithe¬ 

lium. The posterior pedal gland (Fig. 3, ppg) is 

large and voluminous, anteriorly bilobed and 

abutting the pedal ganglia. Less than half-way to 

its opening the two lobes unité and form a 

common duct (Fig. 3, dpg) which opens poste- 

riorly and centrally via a wide pore. The anterior 

pedal gland (Fig. 6, ang) fills a large cavity 

between the pro- and mesopodium, invades them 

both, and extcnds back to the pedal ganglia 

where it abuts the posterior pedal gland. It has a 

wide opening between the pro- and mesopodium. 

A liment ary canal 

Figs 4, 11-22 

The alimentary System consists of a pleurem- 

bolic proboscis. a buccal mass with taenioglos- 

sate radula. an anterior oesophagus with latéral 

pouches, a long midoesophagus, a comparatively 

short posterior oesophagus, a simple stomach, a 

short intestine and a long rectum. 

The anterior part of the proboscis sheath is 

solid and muscular and can be retracted so the 

true mouth is situated immcdiately behind the 

tentacles and the posterior end of the muscular 

section abuts the cérébral ganglia. It is manipu- 

laled by two major ventral muscle bundles (Fig. 

3, rm) which connect il  to the columellar muscle, 

and numerous smaller muscles (Fig. 3, mb), 

which in Z. tropidophora end in the walls of the 

cephalopedal haemocoel. In H. galerita they fuse 

with the two ventral muscle bundles. The rear 

part of the sheath is extremely thin-walled (Fig. 

5, pps) and when the proboscis is retracted, it 

leads from the rearmost, thick-walled section 

forwards to the level of the tentacles. 

The mouth is situated terminally at the tip of 

the proboscis (Fig. 4. mo). The sides of the oral 

cavity are equipped with a pair of prismatic, 

semicircular jaws (Figs 4. /: 29-30) and the buccal 

cavity is largely lined with cuticle. The salivary 

ducts open shortly behind the jaws dorso- 

laterally via a small pore. Their ducts meander 

backwards; in H. galerita ail the way through the 

nerve-ring. in Z. tropidophora they stop halfway. 

The salivary glands each consist of a single 
thick-walled coiled tube (Fig. 4, sg). 

In Z. tropidophora the radular sac exils poste- 

Source : MNHN, Paris 
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Figs. 4-6. 4. Zygoceras tropidophora, horizontal section through anterior part of proboscis. 5. H. galerita, cross-section 
Ihrough head-foot between tentaclcs and pénis. 6. H. tropidophora, horizontal section through pro- and 
mesopodium. 

ang — anterior pedal gland; apg acessory pcdal ganglion; /><• - buccal cavity; bev — buccal connective; hg 
- buccal ganglia; dfc dorsal food channel: j — jaw; mo mouth; mp mesopodium; oc oesophagus; pp 
propodium; ppg — posterior pedal gland; pps posterior part of proboscis sheath; pr proboscis; ps proboscis 
sheath; rc radular cartilage; rsc radular sac; sg — salivary glands; so sole of mesopodium. Scale line 0.25 mm. 

Source : MNHN, Paris 
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Figs. 7-10. Hafoceras tropidophora, cross section of palliai cavity and viserai mass. Position of sections indicaled in Fie 
2. 7. Middlc part of palliai cavity. 8. Anlerior part of kidney. 9. Most posterior part of palliai cavity. jn 
Viscéral hump, anterior lo stomach. 

au anterior aorta: abv afferent branchial vein; arv afferent rénal vein; au auricle; cf ctenidial 
filament; cm columellar muscle; eph cephalo-pedal haemocoel; dp digestive gland; mg efferent cavity, collectine 
blood from rénal gland and ctenidium; /' - intestine; is — intestinal sinus; k rénal organ; ko rénal opening- hr 

Source : MNHN, Paris 
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ieft viscéral connective: If latéral groove on free lobe of palliai oviduct; ng — rénal gland: <><• oesophagus; og 
osphradial ganglion; on osphradial nerve; os — osphradium; pc — palliai cavity; peu pericardium; p - pénis; 

poü palliai oviduct; r rectum; rs rectal sinus: rsc — receptaculum seminis: rvg right viscéral ganglion: seg 
séminal groove; sk skclctal rod; .vv — séminal vesiclc; les — tcsticle: vc — viscéral connective: vc ventricle. 

Scale Unes 7-8, 0.25 mm, 9-10. 0.5 mm. 

Source : MNHN, Paris 
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riorly and makes a sharp turn ventrally, then 

dorsally, so it ends ventrally to the anterior 

oesophagus, immediately behind the buccal 

mass. In H. galerita it exits posteriorly and 

parallels the anterior oesophagus (Figs 16-17, 

rsc) for a short distance before it ends just in 

front of the buccal ganglia, which are situated 

unusually far back in this species. The radular 

cartilages are well developed. 

The oesophagus starts with a dorsal food 

channel (Fig. 16, dfc), which as soon as the 

ventral floor has been formed, widens to form a 

pair of shallow and thin latéral pouches over the 

posterior part of the buccal mass. These disap- 

pear behind the buccal mass. In H. galerita the 

dorsal food channel continues dorsally, ciliated 

and glandular, while the ventral floor of the 

oesophagus is lined by a cuticle (Fig. 17). The 

dorsal folds become broader and are strongly 

ciliated and the oesophagus gets a roughly 

I-shaped cross section, ail the way back to the 

nerve ring, where the oesophagus widens and the 

walls become more uniform ail around. Here the 

oesophagus is also quite compressed and folded 

so it was not possible to discern the torsion. In Z. 

tropidophora the ventral part of the anterior 

oesophagus is not lined by a cuticle, but the 

whole circumference, except the dorsal food 

channel is lined by mucus producing epithelium 

(Fig. 11). This thick-walled, ventral part then 

splits in two parts connected by a thin wall. At 

the same lime the dorsal food channel has 

rotated to become ventral (Fig. 13, dfc) giving 

rise to an I-shaped portion (Fig. 13). 

The posterior oesophagus (Fig. 14) begins at 

the end of the cephalopedal haemocoel and has 

folded walls. It opens ventrally and slightly in 

front of the posterior end of the stomach, jointly 

with two openings from the digestive gland. It 

could not be ascertained if  these openings cor¬ 

respond to an anterior and posterior lobe of the 

digestive gland. 

The stomach (Fig. 2, st; 18) is situated close to 

the left side of the body, just behind the pericar- 

dium. It is simple and sausage-shaped. tapering 

towards the anterior end where it goes over into 

the intestine via the style-sac without any abrupt 

change. It is almost three times as long as broad. 

There seems to be no crystalline style. 

To the right of and posteriorly to the oeso- 

phageal opening there is a prominent gastric 

shield and a large cuticularized area where food 

is accumulated. In the ventral, posterior part of 

the stomach run two Iow and broad typhlosoles 

which continue some distance into the style sac 
(Fig. 20, tl. t2). 

The intestine leaves the anteriorly and dorsally 

situated posterior part of the stomach, turns to 

the right under the left-most and posterior 

extension of the kidney (Fig. 10, /), in a very 

spacious haemocoel (Fig. 10, is), then it enters 

the palliai skirt and turns to the left, so the anus 

is more centrally situated than the proximal parts 

of the rectum (Fig. 7). There was no great 

histological différence between the proximal and 

more distal parts (rectum) (Figs 21-22). 

Vascular System 

Figs 7-10 

Ail  organs are lying in a System of very 

spacious venous sinuses which are filled by a 

spongc-like System of interconnected cells, giving 
the tissues a very porous appearance. 

The pericardium (Fig. 9, pca) is situated with 

its anterior end above the posterior part of the 

palliai cavity, with the auricle in front of and 

above the ventricle. In cross-section it is roughly 

triangular with one corner drawn out towards 

the center of the whorl. The renopericardial duct 

leaves this corner at the anterior part of the 

ventricle. There is no gonopericardial duct. 

We assume that blood from the cephalopedal 

haemocoel collects in a System of large anasto- 

mosing venous cavities (Figs 9, 23, arv) which 

communicate with the viscéral and intestinal 

haemocoels and the kidney. There is also a 

somewhat separate dorsal vein (Fig. 23, A-v) 

which starts from spaces in the intestinal haemo¬ 

coel and the venous cavities and connects with 

the kidney folds and the rénal gland (Fig. 23, ng). 

The efferent branchial vein and the efferent 

rénal gland vein (Fig 23, eng) join anteriorly to 

the pericardium and carry the blood to the 
auricle. 

The aorta leaves the ventricle posteriorly and 

splits directly into one anterior and one posterior 

branch. The posterior aorta is very thin-walled 

and continues superficially backwards, sending 

off smaller vessels which supply the viscéral 

hump with blood. It was followed backwards 

past the stomach. The anterior branch of the 

aorta (Figs 8-10, ad) turns forwards, passes 

Source : MNHN, Paris 
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Figs. 11-ll). Anterior alimenlary canal and stomach of /.. tropidophora (11-14. 18. 19) and H. galerila (15-17). 11. 
Anterior oesophagus with dorsal food channcl. 12-13. Midocsophagus. after the rolalion of dorsal food channcl. 
14. Poslcrior oesophagus. 15. Proboscis lip with oral tube and lefl jaw. 16. Proboscis and buccal mass, rctractcd 
into head-foot. 17. Anterior oesophagus between buccal ganglia and buccal niass. 18. Stomach. longitudinal 
section al close to right angle to oesophagus and intestine. - 19. Detail of gastric shield. 

bev buccal connective; br - buccal mass retractor; c — cuticle lining; dfc dorsal food channel; dg 
digestive gland; dsg - duct of salivary gland; fo — food; gx — gastric shield; i position of exil of intestine from style 
sac: / jaw; oc position of entrance of oesophagus; oev ocsophageal valve: rxc radular sac. Scale Unes 0.1 mm. 

Source : MNHN, Paris 
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Figs. 20-23. Zygoceras tropidophora, postcrior alimcntary canal and kidney. 20. Intestine shortly aftcr stomach 21 
Intestine more distally. 22. Rectum. 23. Palliai skirl with antcrior part of kidney. 

cf ctcnidia! filament: eng elTcrent cavity. collecting blood from rénal gland and gill. leading to auricle- A. 
fond string; kf rénal folds; ko rénal pore; A r vessel connecting kidney folds and rectal sinus- ng ,e j 

gland: r rectum; r.v rectal sinus: sk skelelal rods in gill filament; il, i2 typhlosolcs; ing tubules or r.-n^i 
gland. Scale lines 0.1 mm. nal 

Source : MNHN, Paris 
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Figs. 24-26. 24. Z. 
iropidophora, Distal, 
closed part of palliai 
oviduct. 25. Halo- 
ceras galerila. cepha- 
lic tentacle with eye. 

26. Z. iropido¬ 
phora, opcn part of 
palliai ociducl and 
sperm grove. 

ag — albumen 
gland; cm - columcl- 
lar muscle; If  — laté¬ 
ral fold; ms palliai 
skirt; mu -mucus pro- 
ducing epithelium; pc 
— palliai cavity; pg 
pigment layer: pod 
palliai oviduct; rd 
rods of retina; le 
cephalic tentacle. 
Scale Unes 24. 26. 100 
pm, 25. 50 pm. 

through the anlerior left corner of the rénal 

gland and enters lhe cephalopedal haemocoel to 

the left of the oesophagus. It then follows the 

oesophagus forwards, turns to the right to a 

position dorsally to the oesophagus and splits 

in several smaller vessels shortly behind the 

supraoesophageal ganglion. 

Excretory organs 

Figs 2. 8-10, 23 

The rénal organ extends back to just past the 

ventricle: rightwards it extends dorsally and 

ventrally to the intestine; anteriorly it invades the 

palliai roof (Fig. 8, k). One lobe of the rénal 

Source : MNHN, Paris 
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gland protrudes in front of the pericardium, 
surrounds the efferent branchial and rénal ves- 
sels, and the anterior aorta and extends down to 
the columellar muscle (Figs 8-10, ng). 

The rénal pore (Fig. 23, ko) is situated dorsally 
in the palliai roof just in front of the pericar¬ 
dium. 

Dorsally the right half of the rénal organ is 
occupied by rénal folds; the left half consists of 
the rénal gland, penetraled by several narrow, 
blindly ending ducts from the cavity of the 
kidney (Fig. 23, tng). 

Nervous System 

Fig. 27 

The nervous System is partly concentrated with 
the pleural ganglia being fused with the cérébral 
ones and short and thick commissures and 
connectives in the nerve-ring. The oesophageal 
ganglia hâve rather long, but solid, connectives 
and the viscéral and buccal connectives are long 
and very thin. 

The pedal ganglia are about as long as high 
and somewhat wider. They are connected by a 
very short commissure. At their anterior and 
ventral ends two large nerves emerge close to 
each olher, an anterior one leading to an anterior 
accessory pedal ganglion and a ventral one 
leading to a posterior accessory ganglion. Both 
these pairs of ganglia are partly embedded in the 
posterior pedal gland. Each pedal ganglion also 
sends out at two large nerves laterally. The 
anterior accessory pedal ganglia innervate the 
anterior parts of the foot. The posterior acces¬ 
sory ganglia each send out two nerve stems 
backwards in the foot, of which the more central 

Fie;, 27. Zygoceras tropidophora, nervous syslem. Pedal 
ganglia separated from cérébral ones; only right 
statocyst drawn. 

aag — anterior accessory pedal ganglion; bev 
- buccal connective; ca - commissure belween 
posterior accesory pedal ganglia; di dialyncury; ipn 
- inner pedal nerve; Ibg left buccal ganglion; leg 

left cérébral ganglion; Ipg left pedal ganglion; Ipn 
latéral pedal nerve; Ipn left palliai nerve; Ivg - left 
viscéral ganglion; opn — outer pedal nerve; par- 
commissure between posterior accessory pedal gan¬ 
glia; pag posterior accessory pedal ganglion; plg — 
pleural ganglion; rpn right palliai nerve; rvg right 
viscéral ganglion; shg — subeosophageal ganglion; spg 

supraoesophageal ganglion; sic statocyst; in — 
tentacle nerve; zy — zygoncury. 

Source : MNHN, Paris 
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nerve innervâtes the rear part of the foot, the 

more latéral one the middle part and sides of the 

foot. No connections between the stems were 

found. There is also a large nerve from each 

posterior accessory ganglion which follows the 

duct of the posterior pedal gland backwards for 

a short distance and then connect dorsally to the 

duct. 

The cérébral ganglia are lying abutting each 

other, connected by a thin commissure. The right 

ganglion is completely fused with the right 

pleural ganglion. The tentacle nerve exits dorso- 

laterally at the anterior 1/4 and the nerve is 

simple. The buccal connective, together with 

several other nerves to the proboscis, leaves 

anteriorly. Posteriorly the right cerebro-pleural 

ganglion is drawn out into the pleural-supra- 

oesophageal connective and a palliai nerve for- 

ming a zygoneury with the suboesophageal gan¬ 

glion. The left cérébral ganglion is separated 

from the pleural ganglion by a shallow constric- 

tion. The left pleural ganglion sends out the 

pleural-suboesophageal connective and a palliai 

nerve which forms a dialyneury with the osph- 

radial nerve. The cerebro- and pleuro-pedal 

connectives are of a length corresponding to 2/3 

of the width of the combined cérébral ganglia 

and the pleural connective is about twice as thick 

as the cérébral one. 

The suboesophageal ganglion is situated some 

distance behind the nerve ring in the right corner 

of the cephalopedal haemocoel. the supraoeso- 

phageal ganglion slightly further back and more 

dorsally. It sends out a large osphradial nerve. 

which after the dialyneury continues in the palliai 

skirt, anteriorly, till  it joins the osphradial axis 

which is occupied by the large osphradial gan¬ 

glion throughout its length. 

The viscéral connectives are long and slender 

and it was not possible to find the connection 

between the two viscéral ganglia of which the left 

one lies in the cephalopedal vein, the right one in 

the space where the cephalopedal and viscéral 

veins join. 

In Z. tropidophora the buccal ganglia are 

situated on the posterior part of the buccal mass 

and joined by a commissure of about the same 

length as the diameter of the ganglia. In H. 

galerita the buccal ganglia are situated further 

back. behind the radular sac. closely appressed to 

each other and to the anterior oesophagus. 

The innervation of the pénis could not be 

worked out in detail, but it may be of both 

cérébral and pedal origin. 

Sensé organs 

A pair of statocysts is présent, lying postero- 

laterally to the pedal ganglia in Z. tropidophora 

(Fig. 3, sta), posteriorly in H. galerita. They hâve 

a single statolith. 

The eyes (Fig. 25) are unusually large, equip- 

ped with a lens and a well developed retina. They 

are innervated by a branch of the tentacle nerve. 

The osphradium (Figs 3, 7, os) is well develo¬ 

ped, bipectinate with more leaflets along the 

inner side than on the outer side (see external 

morphology). The axis is fdled by the large 

osphradial ganglion (Fig. 7. og). Due to poor 

préservation no detailed observations were made 

on the structure of the leaflets except lhat they 

are constricted basally and strongly ciliated 

above the constriction. 

Reproductive organs 

Figs 3, 7-10. 24, 26 

In the sectioned specimen of Z. tropidophora 

the palliai oviduct is probably not fully formed, 

but it possesses also a complété set of male 

organs. These form the basis for the description. 

The male organs consist of testis, a long and 

winding sperm duct opening in the posterior part 

of the oviduct; possibly a gutter along the free 

lobe of the oviduct; and a pénis with a sperm 

gutter. 

The testis (Fig. 10, tes) is situated along the 

right and more posteriorly also the dorsal side of 

the viscéral mass. It consists of numerous tubules 

which anteriorly and ventraily unité to form a 

common sperm duct. which also functions as a 

séminal vesicle. Beside eu- and paraspermatozoa. 

there are also scattered eggs in early developmen- 

tal stages in the gonad. 

The sperm duct starts with a few coils (Figs 

9-10, sv), then it passes straight forwards. Most 

of it contains a dense mass of euspermatozoa 

orienled with the heads towards the epithelium 

of the duct and a mass of slender parasperma¬ 

tozoa in the center of the duct. The most distal 

tenth of the duct contains mainly paraspermato¬ 

zoa (Fig. 9, sv). The sperm duct opens in the very 

Source : MNHN, Paris 
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proximal part of the palliai oviduct, close to the 

openings of the receptaculum seminis. No ob- 

vious connection to the sperm gutter on the pénis 

(Fig. 8, seg) was found, unless a ciliated furrow 

along the ventral part of the free lobe of the 

palliai oviduct has such a function. 

The female System consists of an open, glan- 

dular palliai oviduct with six séminal réceptacles 

(Fig. 8, r.se) opening via separate ducts to the 

very proximal part of the oviduct (Fig. 8, pod). 

The latter is presumably not fully formed. 

The palliai oviduct is open (Figs 7. 26), except 

its most distal and proximal parts (Fig. 3, 24, 8, 

pod) which form wedge-shaped caeca in the 

palliai skirt. The posterior caecum is continued 

by a short blindly ending duct, to which the 

séminal réceptacles open. via individual ducts. 

Anteriorly to these opens vas deferens. Along the 

broad edge of the free lobe of the oviduct runs a 

strongly ciliated gutter (Figs 7, 26, If) which 

starts at the very first part of the ventral slil and 

continues anteriorly to shortly after where the 

oviduct closes anteriorly. Therc the free lobe of 

the gutter continues and transforms into a short 

(tongue-like?) skinfold. 

The proximal 1/3 of the oviduct is lined by a 

low epithelium of several types of gland cells. 

After this part a tall (40-50 pm) dark greyish 

violet staining epithelium appears in the dorsal 

part of the oviduct. This epithelium which is 

interpreted as an albumen gland (Fig. 24, ag) 

then spreads ventrally so it covers most of the 

inside, except a narrow zone at the level of the 

sût. The low epithelium spreads again, at the 

beginning of the anterior caecum (Fig. 24), where 

it covers the mid 1/3 of the heighl of the caecum. 

The lower 1/3 is covered by tall (40-50 pm) 

mucus producing epithelium (Fig. 24, mu), which 

is continuous with the much lower but otherwise 

identical epithelium of the corner of the palliai 

cavity around the anterior part of the slit of the 

oviduct. 

Discussion 

The capulids and trichotropids are presently 

(Boss, 1982; Ponder & Warén, 1988 [as Capu- 

lidae]) placed in the Calyptraeoidea, but there is 

evidence from sperm morphology (J. Healy, 

pers. comm.) that they actually are most closely 

related to the Tonnoidea, a view we share. This 

is also supported by further facts mentioned in 

« Relationships ». 

Furthermore, in the forthcoming discussion we 

fully accept the view of Ponder & Warén (1988) 

that the Capulidae and Trichotropidae are sy- 

nonyms and use the name Capulidae to include 

also the trichotropids. 

Scarcity of material and validity of rcsults 

The anatomical description is severely hampe- 

red by the fact that very little material has been 

available, and most of the information is derived 

from a single specimen of Z. tropidophora. Serial 

sections of the head-foot of H. gulerita showed 

some différences in the structure of the oesopha- 

gus and minor différences in the shape of the 

ganglia of the central nervous System. The exter- 

nal morphology is, however, quile similar as far 

as could be observed from rehydrated bodies. 

There were différences in the shape of the pénis 

and the foot. but not very great and the latter 

can to some extern be due to différences in 

fixation and a resuit of the drying and rehydra¬ 

tion. There seem, however, to be présent two 

types of penes; with or without an anterior lobe. 

Larval shell 

The morphology of the larval shell, with 

distinct protoconch I and II présent in almost ail 

species (not in H. japonica) indicates that they 

hâve planktotrophic development. This is further 

confirmed by the egg-capsule of //. carinata with 

embryos of a size of 0.16 mm. which corresponds 

well with the size of protoconch I in that species. 

The larval shell is quite similar to some species 

of Capulidae, see Figs 48-49. A few capulids are 

known to hâve so-called echinospira larvae (Co- 

pulus: Fretter & Graiiam, 1962; Trichosirius: 
Pilkington, 1974, 1976). We hâve examined 

protoconchs of several species known to hâve 

echinospira larvae, from ail families where this 

type of larval development is known and found 

that they conchologically are characterized by 

Source : MNHN, Paris 
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Figs. 28-34. Jaws and opcrcula of Haloceratidac. 28-30, Zygoceras iropidophora. - 28. operculum. hcighl 4.6 mm. 
29-30, jaw, scale lincs 0.1 and 0.01 mm. 31, Haloceras cingulata, operculum. height 1.9 mm. 32, II. phaeocephala, 
operculum, heighl 1.13 mm. 33, H. carinata, operculum. heighl 0.8 mm. 34, H. japonica. operculum. height 1.84 

Source : MNHN, Paris 
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Figs. 35-43. Radulac of Haloceratidae. 35, Zygoceras tropidophora. paralypc. 36. Haloceras carinata. Cancap stn 
2.155. 37-38, H. tricarinata, Benthfdi stn 87. 39, H. tricarinata. " Discovery" sln 10141. 40, H. japonica olï 
Oregon. 41, H. cingulata. usnm 52077. 42. //. cingulata. USNM 94898. 43. H. pluieocepliala paralvnc Sc il,- il.,. 
25 pm (36, 39. 40. 42) and 50 pm (35. 37. 38. 41, 43). es 

Source : MNHN, Paris 
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the absence of a sharp distinction of protoconch 

I and II. Judging from the presence of such a 

distinct démarcation in the species of Haloceras, 

we believe that the similarity to some capulids 

cannot be used to infer that Haloceras has such 

echinospira larvae. 

Teleoconch 

The more or less planispiral teleoconch. with a 

large, irregularly shaped aperture and rapidly 

increasing diameter of the whorls hints towards a 

sedentary life probably on rocky bottoms or on 

some other solid substrate. 

Anatomical details 

The shape of the front part of the foot was 

always too distorted, to be used for comparisons 

between the species. It does. however, imply a 

sedentary mode of life. The division of the foot 

into a rear part that contracts to a solid lump 

and an anterior extensile part which contracts 

more folded can be seen in many trichotropids 

(Graham, 1954; Yonge, 1962; Warén unpubl.) 

and is especially obvious in Capulus. Yonge 

(1962) described the behaviour of Trichotropis 

cancellata, which has a morphologically similar 

foot. Specimens of that species sit attached by 

the rear part of the foot, filtering sea-water with 

the gill. When crawling the anterior part of the 

foot can be extended far ahead. In Haloceras the 

anterior part of the foot is evidently not used as 

in Capulus, for holding and protecting the egg 

mass (Thorson 1965), since an egg mass with 

developing embryos was found in the palliai 

cavity of one specimen, which possessed this kind 

of foot. 

The anterior pedal gland, the glandular layer 

on the propodium and on the front part of the 

mesopodium are unusually thick and certainly 

hâve some functional importance in connection 

with a sedentary life. 

The very strongly contracted proboscis sheath. 

the folded oesophagus, the long, coiled and 

folded buccal and pedal connectives as well as 

the length of other nerves emerging from the 

cérébral ganglia. indieate that the proboscis can 

be extended considerably and that probably the 

cérébral ganglia move forwards during that pro- 

cess. 

It is not certain how the palliai parts of the 

gonoduct function. It is obvious that (the own) 

sperm is transported to the initial part of the 

palliai oviduct by the vas deferens which also 

functions as a séminal vesicle. But after that 

there exist two possible ways: Either the sperm 

continue forwards in the palliai oviduct. or it 

leaves the palliai oviduct and uses the gutter 

along the edge of the free lobe of the oviduct. 

This gutter ends on a skin-fold on the outside of 

the lobe, at the same level as the pénis. The 

skin-fold could then hâve a function to transfer 

the sperm to the pénis since there seems to be no 

sperm gutter across the neck. This explanation, 

however, is not likely because the sperm gutter of 

the oviduct must be used for transport of sperm 

from another male at copulation, unless sperm 

can be transported both ways. 

The absence of a bursa copulatrix can hardly 

be explained by the fact that the specimen is not 

a mature female, because, from a fertilization 

point of view, it actually is mature since the 

séminal réceptacles were full  of sperm. 

Biology 

Very little identifiable stomach and rectal 

contents were found. A foraminiferan was found 

in a single specimen of Haloceras carinata. 

Several other species had some unidentifiable 

organic material, but there were no remains of 

planktonic organisms or minerai particles. This 

excludes filter feeding or grazing the détritus 

cover of the boltom. since every such gastropod 

we hâve examined, invariably has the stomach 

and intestine filled with at least partly identifiable 

matter. Such a feeding is also unlikely in species 

with a well developed proboscis. 

An active and predatory way of life is. howe¬ 

ver. unlikely because of the morphology of the 

foot, which suggesls that this animal is adapted 

for a sedentary life. 

The presence of unusually large eyes in a 

gastropod group almost exclusively living in the 

deep sea is somewhal surprising. but the eyes are 

not necessarily used during the benthic life. Thcy 

may be a réminiscence from the planktonic life of 

the larva. Bouchet & Warén (1986) found that 

almost no deep-sea eulimids with lecithotrophic 

development hâve eyes. while species with plank- 

totrophic larvae usually hâve eyes. In some 

Source : MNHN, Paris 
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species, however. the eyes are lost soon after 

seulement. 
The presence of a pénis in every specimen, also 

those with unquestionably female features (egg 

mass in palliai cavity. developing embryos in 

oviduct) indicates that lhe species are either 

simultaneous or protandric hermaphrodites. The 

lutter is supported by the histology of the testis 

of Z. tropidophora. which was almost exclusively 

male, but with some immature eggs présent. 

Hermaphroditism is mainly known from proso- 

branchs with a sedenlary or not very active mode 

of life. 
A conséquence of the specimen of Z. tropido- 

phoru being in the process of sex change is that it 

may be far from full grown. since most protan- 

drous hermaphroditic prosobranchs change sex 

around or below half maximum size (e.g. Tricho- 

tropis: Yonge, 1962; Eulima: Warén, 1984; Ca- 

pulus: Thorson, 1965 and own observations). 

Another remarkable feature in the biology ot 

the species of Haloceratidae is their apparent 

rarity. We know a total of 20 species from 103 

specimens and shells. Only seven species are 

known from more than five specimens, although 

several occur in comparatively well investigaled 

areas. Despite this rarity it is obvious that when 

one species is présent, there is an unexpectedly 

high probability to fmd at least one more species; 

H. tricarinata, laxa, cingulata and carinata were 

ail found at Seamount stn CP 30, SW of 

Portugal in 2000m; 

Haloceras japonica and millestriata were descri- 

bed from the same dredge haul off S Japan, 

1300 m; 

H. laxa and carinata at “  Porcupine " Expédition 

1870 stn 16. off Portugal in 1900 m; 

H. aff. laxa and II. cingulata at " Thalassa " stn 

Z435 in the northem part of the Bay of Biscay 

in 1000m; 

H. spinosa, phaeocephala and Haloceras sp. 1 at 

" Kapala " stn 80-20-10, off New South Wales 

in 1100 m; 

H. biocalae and a damagcd undetermined species 

al Biocal stn DW 48, off Southern New 

Caledonia in 800 m; 

H. cingulata and H. aff. laxa at Biogas stn 

CP 37, Bay of Biscay in 2200 m. 

Considering that this material cornes from 

more than 2000 dredge hauls in the depth range 

PHILIPPE BOUCHET 

400-4000m, it is obvious that the catches were 

not randomly distributed, but we do not know 

any uniting factor, except that these stations are 

sometimes unusually rich also in other gastro- 

pods. 
To summarize the biological features of the 

two généra, we gel a group of not very active 

deep-sea gastropods usually with planktotrophic 

development, and some unknown, very spécial 

requirements on the biotope. The species are 

probaly predators. 

Relationships 

The anatomical and biological features outli- 

ned above and in the description clearly indicate 

that Haloceras and Zygoceras belong to the 

Caenogastropoda, more precisely the Neolaenio- 

glossa: 

Taenioglossate radula; not taenioglossate in 

Neogastropoda. 

A simple oesophagus; with a valve of Leiblein 

or similar structures in Neogastropoda. 

Both zygo- and dialyneury; none of these in 

Archaeotaenioglossa. 

Protandrous hermaphoditism présent; very 

rare in Neogastropoda. 

There is. however. no neotaenioglossate family 

in which Haloceras and Zygoceras can be inclu- 

ded. 

Several features point in different directions: 

The larval shcll of the species with assumed 

planktotrophic development shows the greatest 

similarity to the genus Benthonella (Rissoidae, 

Figs 46-47: B. tenella (Jeffreys, 1867); see also 

Ponder, 1985; Bouchet, 1976). The distinct 

coloration, size, and sculpture of protoconch 1 

and II  are quite similar. Also certain capulids, for 

example Tricliotropis crassicostata Melvill,  1912, 

hâve a similar larval shell, but it is smaller and 

more planispiral (Figs 48-49). 

The teleoconch does not resemble any other 

group in a way that makes it possible to include 

it there, although there is some resemblance to 

the Capulidae, in that the shell is slightly irregu- 

larly shaped, paucispiral with rapidly increasing 

diameter, often has an irregular, rough sculpture 

and has a well developed periostracum. These 

features may, however, be convergences caused 

by a sedentary life. 

The foot resembles thaï of many Tonnoidea 

Source : MNHN, Paris 
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Table 1. - Comparison of Haloceras, Capulidac and Tonnoidea. 

CHARACTER LAUBIERINIDAE  * CAPULIDAE Haloceras 

Foot wilh latéral furrow yes yes yes 

Posterior pcdal gland ? poorly developed présent 

Hypobranchial gland thin thick thin 

Anterior alimentary canal pleurembolic proboseis very short pleurembolic 
proboseis ' 

pleurembolic proboseis 

Lowcr lip unmodified pseudoproboscis unmodified 

Jaws présent absent présent 

Salivary duels long and slender short long and slender 

Salivary ducts pass nerve ring yes no yes and no 

Accessory salivary glands présent absent absent 

Oesophageal gland présent absent absent 

Digestive gland openings • distant from each other distant fom cach other close together 

Crystalline style • absent présent absent ? 

Osphradium monopectinate/bipectinate • monopcctinate bipectinate 

Suboesophageal ganglion with dialyneury with or without dialyneury with dialyneury 

Supraocsophageal ganglion ?. with zygoneury *  with zygoneury with zygoneury 

Pedal ganglia no accessory ganglia. ni 
cross connective 

o with accessory ganglia. no 
cross connective 

with accessory ganglia, 
cross connective 

Larval type normal veligers echinospira normal veligers 

Protoconch I distinct from II  yes no yes 

Spcrm duel on head-foot • open or closcd open not présent ? 

Séminal réceptacle • posterior, one or many posterior. one posterior. many 

Bursa copulatrix • anterior absent absent 

Palliai oviduct closed open open 

Sperm gutter on palliai 
oviduct 

?no no yes 

Gonopcricardial duct unknown no no 

Mode of feeding • predatory filterfeeders predatory ? 

An asterisk (*)  indicatcs Ihai lhe character is noi known in the Laubierinidae and is exirapolated from other tonnoidean 
familics. Anatomical details from Bouvier ( 1889). Df.i.i & Ponder (1964). Lacaze-Duthiers ( 1872. 1901). Warén & Bouchet 
(1990). Yonge (1962). 

1. Capulus ungaricus as well as other capulids do hâve a very short pleurembolic proboseis. as can bc seen froin the skin 
fold bctween the tentaclcs. The pseudoproboscis actually is a drawn out part of the proboseis sheath (unpublishcd). 

and the Capulidae in having a demarcated. 

rough zone along and above lhe edge of the sole. 

This is a rare character among gastropods and 

has rarely been noticed, but we hâve seen it in 

Aporrhaidae and Warén & Ponder (in press) 

reported it in the Loxonematoidea. 

The foot also resembles many capulids (espe- 

cially Capulus), ail calyptraeids and some vani- 

korids in being divided into two functionally 

different parts. This is probably also functionally 

evolved since it also occurs in Amathinidae 

(Pyramidelloidea; Ponder. 1987). a totally unre- 

lated group. 

The operculum shows clear similarities to ail 

capulids (Warén unpublished) and many ton- 

noids (Warén & Bouchet, 1990) in having the 

larval operculum remaining and clearly set off 

from the postlarval part when young and then 

losing the old part by some kind of érosion. 

The alimentary System is very similar to that of 

the Laubierinidae and some other of the less 

modified Tonnoidea (see Warén & Bouchet. 

1990). but differs in not having the complex and 

large salivary glands présent in ail tonnoids 

(except the Ficidae). Neither does it hâve a well 

developed oesophagal gland. 

The radula is quite similar to that of many of 

the advanced mesogastropods, except some of 

Source : MNHN, Paris 
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Figs. 44-49. Cillina. Benthonelta, Tricholropis. 44-45. Cilhna globosa. syntypc usnm 186381. hcighl 2.8 mm. 46-47, 
Benihonella lenella, Biomidi: 2 stn 6. 39°40'N, 04°57’E, 2610 m. hcighl 4.4 mm. 48-49. Triclwiropis crassicosiaia 
"Marion-Dufresne" cruise 32, sln DC10. 21"I3'S, 55”52’E, 930-980 m. hcighl 5.6 mm. Scalc lincs 200 jim. 

the more modified groups (e.g. Lamellaria, Cy- 

praea, Pedicularia, etc.), but it is especially 

similar to that of the two recently described 

tonnoidean groups Laubierinidae and Pisanianu- 

rinae (Ranellidae) (see Warén & Bouchet, 

1990). 

The anatomy and ontogeny of the reproduc¬ 

tive System is very similar to the Capulidae. 

Direct comparison with sectioned specimens of 

Capulus hungaricus, in the sexual phase when 

oocyte production just has started showed a 

similar construction of the oviduct. except that 

Capulus has only a single séminal réceptacle, a 

less developed ciliated furrow and a shorter 

ventral sût of the oviduct. 

On account of these characters we feel 

confident that a position in the vicinity of the 

Tonnoidea and the Capulidae is quite a realistic 
assumption, and we hâve tabulated a number of 

characters for the least modified tonnoidean 

family and the Capulidae in Table I. 

The larval development of the Capulidae, via 

an echinospira larva is a character shared with 

the Lamellariidae, Velutinidae, Triviidae and 

Eratoidae (we do not consider the status of these 

taxa, and the larva of Pseudosacculidae is not 

known). Whether it is a homologous character 

and its significance for these taxa being mono- 

phyletic was discussed by Fretter & CJraham 

(1962:627). They concluded that this was the 

Source : MNHN, Paris 
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case, based on Graham's (1954) comparative 

study of Capulus, Tricholropis and Calyptraea, 

but maintained that Capulus is more closely 

related to Calyptraeoidea than to Lamellarioi- 

dea. Since then Pilkington (1974. 1976) has 

shown that also species of the old family Tricho- 

tropidae hâve echinospira larvae, which supports 

Fretter & Graham's ideas about Trichotropi- 

dae as an ancestral group of the species posses- 

sing echinospira larvae, the « Echinospiracea » 

(modified to « Echinospirida » by Golikov & 

Starobogatov, 1975). This (inding also contri- 

buted to Ponder & Warén's (1988) view that the 

Trichotropidae and Capulidae should be consi- 

dered one family. 

To our ideas about the Capulidae not being 

related to the Calyptraeoidea, but to the groups 

possessing an echinospira-larva should be added 

the fact that ail taxa within the Calyptraeoidea 

hâve a normal snout, while the Capulidae as well 

as the Lamellarioidea hâve a proboscis (not to be 

confused with the so-called pseudo-proboscis of 

the Capulidae, which is an additional process 

from the proboscis sheath). 

If the echinospira larvae of the groups are 

homologous (as we believe) this certainly subs- 

tantiates the use of that type of larvae for 

classification and makes it practical to maintain 

them as a group, without mixing them with 

species without that kind of larval development 

(unless it is lecithotrophic). 

We thus get a situation with a caenogastropod 

lineage which splits into the Tonnoidea and the 

Echinospirida (disregarding Hennigian principles 

about ranks). The Laubierinidae and the Capu¬ 

lidae respectively are the most primitive members 

of these two branches. The problem then is: 

Where do Haloceras-Zygoceras join the « Y »? 

There are actually no characters of the Echi¬ 

nospirida and Tonnoidea which are more primi¬ 

tive than in Haloceras-Zygoceras, but there are 

characters in Haloceras and Zygoceras which are 

more primitive, e.g. the closely placed openings 

of the digestive glands and the accessory pedal 

ganglia with a cross connection. The normal 

veliger larva is more primitive than the echinos¬ 

pira larva (unless one assumes the normal veliger 

to be secondary). This should support a position 

either on the basal limb of the « Y » or on the 

branch leading to the Tonnoidea, or on the 

branch leading to the Echinospirida, before the 

development of the echinospira larva took place. 

The anatomical information available is, howe- 

ver, hardly detailed enough to allow a clear 

answer to where to place the two généra. 

Whatever the relationships may be. Haloceras 

and Zygoceras do not fit in any of the families 

mentioned. why we suggest a new family for 

them. We consider it related to but more primi¬ 

tive than the superfamily Tonnoidea and the 

suborder Echinospirida. 

Family HALOCERATIDAE fam. nov. 

Diagnosis. Shell disc-shaped to fairly tall- 

spired, with 1.5-3 teleoconch whorls covered by a 

well developed, often fringed periostracum. 

Sculpture usually spiral ribs and sinuous growth- 

lines. Aperture rounded to depressed, without 

siphonal canal. Umbilicus usually broad and 

deep, occasionally closed. Protoconch 1 with 

numerous small short raised ridges, often encir- 

cling small round surfaces and usually aggrega- 

ted to form 4-7 spiral ribs which are more well 

defined towards periphery. Sometimes micro- 

ridges are confined to spiral ribs and leave rest of 

shell smooth. Protoconch II with 1-3 whorls, 2-3 

spiral keels close to periphery. sometimes also 

with pustules and other sculpture on last whorl. 

Soft parts with bipectinate osphradium. pleu- 

rembolic proboscis, simple salivary glands with 

duels which may or may not pass nerve-ring. 

fairly concentrated nervous System with dialy- 

neury between supra- and cérébral, zygoneury 

between suboesophageal and cérébral ganglia. 

Two pairs of accessory pedal ganglia, posterior 

pair with commissure. Foot with anterior and 

posterior pedal glands and latéral furrow above 

edge of sole. Protandrous or simultaneous her¬ 

maphrodites. 

Source : MNHN, Paris 
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SYSTEMATIC ACCOUNT 

Genus HALOCERAS Dali, 1889 

Separatista f Haloceras) Dali, 1889: 277. Type species: 
Cithna cingulata Verrill, 1884, by monotypy. 

Solariella (Micropiliscus) Dali, 1927:130. (New sy- 
nonym). Type species: S.(M.) constricta Dali, 1927, 
by original désignation. 

Revised diagnosis. — Haloceratids with (in 

species with planktotrophic development) mullis- 

piral brown globular protoconch. Protoconch I 

with 4-8 spiral cords on a background of nume- 

rous anastomosing riblels and pustules. Proto¬ 

conch II  with 3 spiral keels, of which two remain 

uncovered above suture by successive whorl. 

Teleoconch trochiform to lenticular, umbilicus 

narrow to wide, whorls with 1 or 2 strong spiral 

keels. Soft parts with the characters of the 

family. 

Remarks. — The history of the name has been 

summarized in the introduction. For a compari- 

son with Zygote ras, see that name. 

Haloceras acrocomata sp. nov. 

Figs 88. 93-94 

Type material. Holotype in ams cl46278. 

Type locality. “ Kimbla ” 1977, stn 3, 
23°33.7'S, 152°37'E, 348-339 m, E of Lady 
Musgrave Id, Queensland, Australia. 

Material examined. Australia. “  Kimbla " 1977, 
stn 3, E of Lady Musgrave Island, Queensland. 
23°33.7'S, 152“37'E, 348-339 m: holotype (AMS 
C146278). — Stn 22, ofT NW Island, Queensland, 
23"15'S, 152°24'E, 284 m: 1 sh. (AMS C150187). 
1984, stn 15, E of Lady Musgrave Island, Queensland, 
23°52'N, 152°42'E, 296 m: 1 sh., 1 juv. sh. (AMS 
Cl 47272). 

Description. — Shell small, thin, solid, 

consisting of 2 protoconch and 1.75 teleoconch 

whorls. Protoconch rather fiat, almost planispi- 

rally coiled. Protoconch I, diameter 240 pm, 

sculptured by 6 strong spiral cords, continuous 

from nucléus to protoconch II, except for a small 

area near transition between protoconch I and 

II, which is occupied by granules. Protoconch II  

with 1.4 whorls. sculptured by two strong keels, 

a third keel hidden at suture, visible only in 

young postlarvae. Between keels, on later part of 

protoconch II small granules; rest of larval shell 

smooth or with occasional traces of periostracal 

spirals. Protoconch/teleoconch transition sharp. 

Teleoconch whorls turreted, broadly conical, 

with two strong keels giving whorls a very 

angular profile; no othcr spiral sculpture. Dis¬ 

crète axial sculpture made stronger by periostra¬ 

cal lamellae, best visible at periphery, where 

forming projecting scales between keels. Umbili¬ 

cus broad, encircled by one strong thread. Aper- 

ture broadly quadrangular; lip sharp, thin, only 

very slightly reflected on columellar side. Colour 

of shell very light amber white, with 2 carinae 

and umbilical thread distinctly darker; proto¬ 
conch light brown. 

Dimensions: Height 2.07 mm, breadth 3.06 mm; 

aperture height 1.14 mm, breadth 1.26 mm. 

Larval shell measurements: 

diameter no. whorls 

(t*m) (prot. Il)  
hololype 940 1.4 

ams 147279 1000 |,6 

ams 142679 980 |.45 

ams 150187 960 |.5 

Remarks. One shell (ams 150187) has a 

proportionally higher spire and narrower umbi¬ 

licus (the two characters are linked), but other- 

wise identical protoconch and general morpho- 
logy. 

The two strong keels on the teleoconch of H. 

acrocomata make it resemble IL exquisila and H. 

cingulata. It differs from H. exquisita by its 

low-spired protoconch with fewer whorls, by 

teleoconch whorls which increase more rapidly in 

diameter, and ils broader umbilicus. H. cingulata 

reaches a much larger size at the same number of 

postlarval whorls, and has a narrower umbilicus. 

Etymoi.ogy. From the Greek akros, at the 

top, and comatas, hairy; to remind of the hairy 

periostracum of the protoconch. 

Source : MNHN, Paris 
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Figs. 50-55. Genus Haloceras. 50-52, II. tricarinata, Benthedi stn 87. diamcter 14.0min. 53-55, H. cingulaia, 

Biogas stn CP37, diametcr 13.8mm. 

Source : MNHN, Paris 
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Figs. 56-61. Genus Haloceras. 56, H. mediocostata. Monaco stn 703. heighl 3.2mm. 57, //. mediocostata, lectotype, 
height 3.5mm. 58, H. carinata, holotypc of Solariella constricla, heighl 3.3mm. 59-60, //. carinata. Balgim stn 
CP92. heighl 2.65mm. diamclcr 2.35mm. 61, H. carinata. Cancap stn 2.155. height 1.6mm. 

Source : MNHN, Paris 
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Haloceras carinata (Jeffreys, 1883) 

Figs 33, 36, 58-61, 105-108 

Cithna carinata JelTreys. 1883: 111, pl. 20, fig. 9. 
Solariella (Micropiliscus) constricta Dali, 1927: 130. 

(New synonym). 
Solariella (Micropiliscus) constricta- Quinn 1979:43. 

figs 67. 68. 

Type material. — C. carinata: Holotype 

BMNH 1885.11.5.1623; S. constricta: 11 syntypes, 

usnm 108414a.b. 

Type localities. C. carinata: “  Porcupine " 

1870, stn 16, 39°55'N, 09°56'W. 1810m, olT 

Portugal; S. constricta: “  Albatross ” stn 2415, 

30°44'N, 79°26'W, 805m, off Florida. 

Material examined. Eastern Atlantic. " Por¬ 
cupine ", stn 16, off Portugal. 39°55'N, 09°56'W. 1810 
m: 1 sh., holotype. 

Seamount, stn CP30, Gorringe Bank, 36°44'N, 
11'23'W. 1940-2075m: 1 sh., 2 frgms (mnhn). Stn 
DW116, Galicia Bank. 42°52'N, 1 l'SI'W, 985-1000m: 
3 shs (SMNH). 

Balgim, stn CP92. Ibero-Moroccan Gulf, 
34°24.3'N, 07°30.3'W, 1182m: 1 sh. (mnhn). 

Incal, stn DS3. W of the British Isles, 57°27'N, 
11°03'W, 609-619m: 1 larva (lost). 

Cancap. stn 2.067. Canary Islands. 27°58'N, 
14°12'W, 1820m: 1 sh. (rmnh). Stn 2.155. Canary 
Islands. 27°35'N, 17°59'W. 700m: 1 spm.. 3 shs 
(rmnh). 

Western Atlantic (Florida). “  Albatross ", stn 2415, 
30°44'N, 79°26'W. 805 m. 11 shs (syntypes of S. 
constricta Dali, 1927). 

Description. Shell small. solid, conical, 

with 2.5 protoconch and up to 2.75 teleoconch 

whorls. Protoconch globular, multispiral. Proto¬ 

conch I diameter 200 pm, with sculpture of 

star-shaped little knobs forming a réticulation, 

and 5 spiral cords formed by coalescing such 

knobs. Protoconch 11 with two spiral keels well 

visible above suture, third keel hidden by subsé¬ 

quent whorl. Sculpture of granules appear in 

subsutural zone after first whorl of protoconch 

II, then gradually expends over most of proto¬ 

conch surface. 3-6 prosocline axial lamellae, 

situated on last part of protoconch II, just 

behind perislome. Protoconch lip expanded. Pro- 

toconch/teleoconch discontinuity very abrupt. 

Teleoconch trochoid with regularly convex 

whorls and very deep suture. Sculpture consis- 

ting mainly of spiral cords, two of which are 

sometimes stronger, forming weak spiral keels. 

About 25 spiral cords on penultimate whorl of 

large specimens. Base and umbilicus sculplured 

by similar cords. Border of umbilicus not marked 

by cord. Spiral cords cross much weaker incré¬ 

mental lines. Above shoulder intersection of 

spiral cords and incrémental lines produces a 

kind of malleated surface, more distinct after 

coating for SEM. Base convex. umbilicus open 

and broad. Aperture rounded. peristome almost 

continuous. Outer lip thin. sharp. slightly reflec- 

ted over umbilicus. Colour of protoconch brown, 

teleoconch dirty white. 

Dimensions of shells: usnm 108414. height 3.24 

mm. breadth 3.0 mm; aperture height 1.20 mm. 

breadth 1.45 mm. Balgim stn CP92, height 2.62 

mm. breadth 2.28 mm; aperture height 1.0 mm. 

breadth 1.10 mm . 

Larva! shell measurements: 

diameter 

(gm) 

holotype carinata 840 

usnm 108414 710 

usnm 108414 720 

usnm 108414 700 

USNM 108414 770 

USNM 108414 740 

Cancap 2.067 980 

Cancap 2.155 840 

Cancap 2.155 730 

Cancap 2.155 840 

Cancap 2.155 890 

Balgim CP 92 840 

Seamount CP 30 920 

Seamount DW 116 840 

Seamount DW 116 900 

Seamount DW 116 900 

no. whorls 

(prot. II)  

1.8 

1.9 

1.8 

1.7 

1.9 

1.8 

1.75 

1.9 

1.7 

1.75 

1.8 

1.9 

1.9 

1.8 

1.9 

1.75 

Remarks. Warén (1980: 20). misled by the 

similarities in the protoconch, commented thaï 

the holotype of C. carinata is: « A monstrosity of 

Benthonella tenella (Jeffreys) ». 

Quinn (1979) listed as Solariella constricta ( = 

carinata) three other lots which here are descri- 

bed as Haloceras trichotropoides. Indeed, the two 

species hâve rather similar teleoconchs, although 

//. trichotropoides can be recognized by its 

coarser sculpture, with fewer and stronger spiral 

cords. They can also be separated by H. tricho¬ 

tropoides having a flatter larval shell with fewer 

whorls. 

Source : MNHN, Paris 
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H. carinata also resembles H. mediocostata. 

That species has a larger protoconch (diameter 

1220 pm vs. 700-920 pm in carinata), and a 

broader teleoconch sculptured by stronger spiral 

keels. 

Haloceras cingulata (Verrill, 1884) 

Figs 31. 41-42. 53-55, 113-115 

Cithna cingulata Verrill, 1884: 184, pl. 32, fig. 7. 

Type material. Holotype usnm 38101. 

Type locality. — “  Albatross ” stn 2076, 

4P13'N, 66°01'W, 1658m, Georges Bank. S of 

Nova Scotia. 

Material examiner. — Western Atlantic. “  Alba¬ 
tross ”, stn 2043, S of Nova Scotia. 39°49'N, 68°29'W, 
2685 m: 1 spm., paratype (usnm 38104). Stn 2076, 
Georges Bank. S of Nova Scotia. 41°13'N. 66°01'W. 
1658 m: 1 sh., holotype (usnm 38101). Stn 2084, S 
of Nova Scotia. 40°17'N, 67°05'W, 2361m, I sh.. 
paratype (usnm 38105). — Stn 2571. S of Nova Scotia, 
40°09'N, 67°09'W, 2480m: I spm. (usnm 52077). Stn 
2733, ofl North Carolina. 37'26'N, 73"43'W. 1728m: 1 
spm. (usnm 94898). 

Eastern Atlantic. Biogas, stn CP 37, Bay of Biscay, 
47°34'N, 08°40'W, 2175 m: I spm. (mnhn). 

“  Thalassa ", Stn Z 435, Bay of Biscay, 48°40'N, 
09°56'W. 1050 m: 1 sh. (mnhn). 

Seamount, stn CP30, Gorringe Bank, 36°44'N, 
H°23'W. 1940-2075m: 7 juv. and frgms (mnhn). 

30 on base, also in umbilicus. In addition to 
incrémental lines, also a few coarse, strongly 

prosocline ribs on shoulder of terminal part of 
body-whorl. Umbilicus very broad. Aperture 
rectangular. peristome almost continuous; outer 
lip sharp, simple. Pariétal wall convex, strongly 
reflecled towards umbilicus. Colour of proto¬ 
conch brown. teleoconch dirty white. 

Dimensions of a fully grown shell: Height 
8.1 mm, diameter 13.2 mm; aperture height 4.3 
mm, breadth 7.7 mm. 

Larval shell measurements: 

diameter 

(pm) 

usnm 52077 1380 

Seamount CP 30 1510 

Seamount CP 30 1490 

Seamount CP 30 1660 

Seamount CP 30 1580 

Biogas CP 37 1340 

“ Thalassa " Z435 1300 

no. whorls 

(prol. Il)  

2.2 

2.2 

2.25 

2.3 

2.1 

2.1 

Remarks. There is no species easily confu- 
sed with H. cingulata. The two strong spiral keels 
appear early on the teleoconch, making 
identification ol very young specimens possible. 
At comparable size only Zygoceras biocalae 
bears some resemblance but lacks almost 
completely a spiral sculpture and has a much 
smaller umbilicus. 

Distribution. — The temperate North Atlan¬ 
tic, between 36° and 49°N. in 1050-2685m (bath- 
yal); amphiatlantic. 

Description. — Shell large, solid, depressed, 
consisting of 2.5 protoconch and up to 2.6 
teleoconch whorls. Protoconch globular, multis- 
piral. Protoconch I diameter 250 pm, sculpture 
not very well preserved on available specimens, 
but réticulation of anastomosing star-shaped 
knobs présent beside a few (3-5 ?) spiral cords. 
Protoconch II with two spiral keels apparent 
above suture, third keel concealed by subséquent 
whorl. Last half protoconch II whorl with dis¬ 
crète sculpture of tubercles in subsutural zone. 
Protoconch/teleoconch transition very sharp. Te¬ 
leoconch with strongly keeled whorls, almost 
rectangular in cross-section, adhering to prece- 
ding whorl just below abapical keel, and concea- 
ling suture in deep furrow. Sculpture consisting 
of spiral cords and incrémental lines. 25 spiral 
cords between suture and first keel on adapical 
part of body whorl; 6 between keels; and about 

Haloceras exquisita sp. nov. 

Figs 83, 89-90 

Type material. Holotype in mnhn. 

Type locality. Biocal, stn DW66, 24°55'S 
168°22'E, 505-515m, S of New Caledonia. 

Material examined. New Caledonia. Biocal 
stn DW 66. 24°55'S, I68°22'E, 505-515 m: holotype 
(mnhn). 

Description. Shell small, thin, fragile, 

consisting of 2.5 protoconch and 1.5 teleoconch 

whorls. Larval shell globular, multispiral. Proto¬ 

conch I diameter 215 pm, sculptured with rather 

irregularly disposed knobs in nucléus, later ar- 

ranged in spiral lines. Protoconch II with 2.1 

whorls, diameter 870 pm; first whorl sculptured 

by onc strong spiral keel and one row of 

subsutural granules; later a second spiral keel 

previously hidden by suture, and a sculpture of 

Source : MNHN, Paris 
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small knobs and granules appears, between keels. 

Surface of last half whorl of protoconch II  

completeiy covered by such granules and knobs. 

Teleoconch whorls turreted. wilh two very strong 

keels at periphery giving a very angular profile to 

whorls. No other spiral sculpture except for a 

discrète thread bordering umbilicus. Upper part 

of whorls with sculpture of prosocline axial ribs 

extending from suture to adapical keel. forming 

spiny intersections with keel. Axial ribs obsolète 

between keels. Base smooth. Umbilicus narrow. 

Aperture quadrangular. outer lip thin, sharp. a 

little reflected over umbilicus. Colour of proto¬ 

conch brown. teleoconch white. 

Dimensions: Height 1.80 mm, breadth 1.75 

mm; aperture height 0.72 mm, breadth 0.77 mm. 

Remarks. Haloceras exquisita has a very 

distinctive protoconch and teleoconch morpho- 

logy which should facilitate identification. The 

protoconch is smaller, at a similar number of 

whorls, than in any other haloceratid. The 

general morphology and sculpture of the teleo¬ 

conch whorls resemble H. acrocomata, but the 

whorls are not as depressed as in H. acrocomata. 

Etymology. From the latin exquisitus, fine. 

Haloceras galerita sp. nov. 

Figs 66, 100-102 

Type material. Holotype ams Cl50227. 

Type locality. — “  Kapala ”, stn K80.20.20, 

33°35-37'S, 152°05'E. 1143-1106m, off Sydney, 

New South Wales. 

Material examined. Australia. " Kapala ", stn 
K 80.20.20., off Sydney. 33°35'S, I52°05’E, 1143-1106 
m: holotype (ams Cl50227). 

Description. — Shell small. solid, trochoid, 

consisting of 2.5 protoconch and 1.9 teleoconch 

whorls. Protoconch I diameter 200 pm, sculpture 

not very distinct but seemingly consisting of 

coarse spiral cords. Protoconch II with 2 spiral 

keels visible above suture, and a subsutural row 

of granules. Also a few distinct incrémental ribs 

just before larval peristome; rest of protoconch 

smooth. Teleoconch whorls convex wilh rather 

deep suture. Sculpture of spiral cords and strong 

incrémental, almost lamellar, fines. Two spiral 

cords form keels; abapical one. sharp and clearly 

defining basal surface. About 8 spiral cords 

above shoulder of body whorl, 6 at periphery 

between keels, and about 18 on basal area, 

extending into umbilical région. Incrémental fi¬ 

nes strongly curved, with most retracted point on 

adapical keel. Umbilicus narrow. Aperture 

ovoid. broader than high. Outer lip thin, simple, 

a little reflected over umbilicus. Colour of pro¬ 

toconch brown, teleoconch white. 

Dimensions: Height 2.6 mm, breadth 2.8 mm; 

aperture height 1.2 mm, breadth 1.5 mm. 

Larval shell measurements: 

diameler no.whorls 
(gm) (prot.II) 

1080 2.0 

Remarks. - Haloceras galerita resembles H. 

mediocostata, but it has a stronger. coarser spiral 

sculpture, with better defined spiral keels, the 

umbilicus is even more narrow and the diameter 

of the whorls increases less rapidly than in 

mediocostata. 

Etymology. - From the Latin galerum. a hat 

or helmet; to remind of the large and conspi- 

cuous protoconch. 

Haloceras heliptyx sp. nov. 

(Figs 63. 103) 

Type material. — Holotype in mnhn. 

Type locality. Biogeocal, stn DW289. 

20°36'S. 167°00'E, 830-840 m, Loyalty Basin. E 

of New Caledonia. 

Material examined. Loyalty Basin (E of New 
Caledonia). Biogeocal, stn DW 289, 20'36'S, 
167°00'E, 830-840 m: holotype (mnhn). 

Description. — Shell small, solid, trochoid 

consisting of 2.75 teleoconch, and unknown 

number of protoconch whorls (apex broken). 

Protoconch probably globular; little more than 

last whorl remaining, diameter 770 pm. Proto¬ 

conch 11 sculptured with two strong spiral 

keels, one at periphery. one just above suture; 

zone between two keels with numerous small 

Source : MNHN, Paris 
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pustules. Flexuous axial riblets above peripheral 

keel on last part of protoconch II. Teleoconch 

whorls very convex, with slightly channellcd 

suture. Spiral sculpture stronger than axial sculp¬ 

ture, consisting of three strong keels and much 

weaker spiral cords. Abapical spiral keel hidden 

at suture on spire, apparent only on body whorl. 

6 much finer cords on shoulder of whorls, one 

between keels, and 10 on basal area. Axial 

sculpture consisting of strongly prosocline cords, 

not extending to basal area and forming little 

nodules at intersections with spiral keels. Also 

numerous second order incrémental ridges, ex¬ 

tending over base. Umbilicus open, smooth 

inside. Aperture ovate, outer lip rather regularly 

convex, columellar région slightly reflected over 

umbilicus. Colour of protoconch brown, teleo¬ 

conch white. 

Dimensions: Height 3.1 mm, breadth 2.9 mm; 

aperture height 1.0 mm, breadth 1.25 mm. 

Remarks. — H. heliplyx resembles H. galerila, 

but differs by having stronger axial sculpture and 

fewer and stronger spiral cords. The umbilicus of 

H. galerita is almost closed and its protoconch II  

has a bigger diameter, 1080 pm. There is also a 

general resemblance to H. japonica, which has a 

thinner shell with thick periostracum and roun- 

ded aperture, and differs in its brooding repro¬ 
ductive biology. 

Etymology. From the Greek hélix, spiral, 

and ptyx, a fold; to remind of the strong spiral 

keels of the shell. 

Haloceras japonica Okutani, 1964 

Figs 34, 40, 62. 64-65 

Halocerus japonicus Okutani, 1964: 397, pl. 6, fig. 8. 

Type material. Holotype and I paratype 

in Tokyo University Muséum, RM 8824. 

Type locality. 34°10'N, 140°05.5'E, 1230- 

1350m, 26 miles off Miyaké Island, Japan. 

Material examined. Japan. 26 miles off Miyaké 
Island. 34°10'N, 140°05.5'E, 1230-1350 m: holotype, 1 
paratype (Tokyo Univ. Mus. RM 8824). 

Eastern Pacifie (Oregon). “ Yaquina ", stn OTB-188, 
45°50'N. 125°14'W. 1580 m: 1 spm. (lacm 67-167.2). 

Description. Teleoconch high, trochoid, 

consisting of more than 2.5 whorls (corroded) 

with thick, strongly adhering periostracum. 

Whorls convex, suture moderately deep. Sculp¬ 

ture consisting of spiral cords, of which two form 

keels at periphery. no spiral cords above shoul¬ 

der, 2 between keels and 5 on base. Axial 

sculpture of periostracal lamellae. Umbilicus 

broad, encircled by a broad but indistinct cord. 

Aperture rounded, forming a slight angle al base 
of columellar pillar. Outer lip thin, sharp. Colour 

of shell chalky white, periostracum dark greenish 
brown. 

Dimensions of holotype: height 5.95 mm. 

breadth 5.05 mm; diameter of the aperture 2.25 
mm. 

Remarks. Neither of the two known shells 

hâve a well preserved protoconch. The dried 

body of the specimen from off Oregon was found 

to contain 9 brooded embryos (Fig. 64). The 

shells of some of these embryos were extracted 

(Fig. 65). They are white, 1030-1050 gm in 

diameter, with a sculpture of coarse granules 

extending half a whorl further than on proto¬ 

conch I of other haloceratids. The assignment of 

the species to Haloceras rather than Zygoceras is 

based on the general resemblance in the shape of 

the teleoconch compared with other species of 

Haloceras. primarily H. galerita and H. heliptyx. 

Haloceras taxa (JelTreys, 1885) 

Figs 74-75, 116-118 

Seguenzia taxa Jeffreys, 1885: 44. pl.5, figs 4-4a. 

Type material. Holotype bmnh 
1885.11.5.2586. 

Type locality. “ Porcupine " 1870, stn 16 
39°55'N, 09°56'W, 1810m, off Portugal. 

Material examined. Eastern Atlantic. “  por. 
cupine ", 1870, stn 16, off Portugal, 39°55'N, 09°56'W 
1810 m: holotype (bmnh 1885. 11.5.2586). 

Monaco, stn 624. Azores, 38*59'N, 28°18'W 
2102m. I sh. (mom). 

“  Sarsia", stn 7614, Bay of Biscay, 43°4V1\I 
03°38'W, 1100m: I sh. (bmnh). 

Seamount. stn CP 30, Gorringe Bank. 36°44'N 
11°23'W. 1940-2075 m: 7 shs (mnhn). 

Three additional shells are tentatively identified as 
Haloceras aff. laxa: 

“  Thalassa “ stn Y 378, off NW Snain. 41°34'N 
09°16'W. 1000m: I sh. (mnhn). Stn Z 435, Bay of 

Source : MNHN, Paris 
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Biscay, 48°40'N, 09°56'W. 1050m: 1 sh. (mnhn). 
Biogas, stn CP 37, 47°34'N, 08°39'W, 2175m: 1 sh 

(mnhn). 

Description. — Shell small, solid, discoid, 

consisting of 2.3 protoconch whorls and up to 

1.4 teleoconch whorls. Protoconch globular, 

multispiral. Protoconch I diameter 220 pm, 

sculptured by combination of anastomosing star- 

shaped knobs and spiral cords. Protoconch 

II smooth, except two strong spiral keels and 

one subsutural row of granules. Protoconch/te- 

leoconch transition abrupt. Teleoconch whorls 

convex, first rather regularly rounded in young 

postlarva, then cross-section of whorl becomes 

more and more depressed, ending up in a 

horizontally ovoid cross-section of body-whorl, 

with very deep suture. Sculpture consisting of 

strong spiral cords and incrémental Unes. Cords 

strongest at periphery and weaker or obsolète on 

shoulder and base. Incrémental Unes very regular 

and closely set, giving shell a shining appearance, 

especially on shoulder. Umbilicus wide, not 

encircled by cord. Aperture horizontally ovoid, 

peristome continuons, only slightly adhering to 

penultimate whorl. Inner Up strongly reflected 

over umbilicus. Colour of protoconch I brown, 

protoconch II much paler except at protoconch- 

/teleoconch transition, teleoconch white. 

Dimensions of largest shell: Height 2.1 mm, 

diameter 3.4 mm; aperture height 0.9 mm, 

breadth 1.9 mm. 

Larval shell measurements: 

diameter 

(pm) 

Seamount CP 30 1130 

Seamount CP 30 1150 

Seamount CP 30 1100 

Seamount CP 30 1100 

Seamount CP 30 1140 

Seamount CP 30 1140 

Monaco 624 1200 

“  Sarsia " 7614 980 

afT. taxa 

“ Thalassa " Y378 1030 

" Thalassa " Z435 1060 

Biogas CP 37 1100 

no.whorls 

(prot.ll) 

1.8 

1.8 

1.75 

1.75 

1.75 

1.8 

1.75 

1.85 

1.8 

Remakks. The holotype of S. laxa is 4.2mm 

high. it is badly broken and wom which makes 

identification of the name very difficult. Al-  

though the identification at family level is beyond 

doubt, there are no specimens collected in the 

NE Atlantic that match this fragment precisely. 

It could be a fragment of a very large H. carinata 

(but there is no specimen of H. carinata higher 

than 3.3 mm known), or it could be a fragment 

of the species we hâve used the name for (but it 

has less depressed whorls than our shells of that 

size). It is probable that when more NE Atlantic 

specimens become available, it will  be possible to 

match this fragment more accurately, but it is 

incredible that Jeffreys based a new species on 

this wom fragment. 

H. laxa can be identified from olher species by 

the absence of well defined keels at the periphery 

of teleoconch whorls, its depressed whorls. and 

small adult size. H. cingulata is similarly depres¬ 

sed, but has strongly keeled whorls and a much 

larger adult size. H. carinata also lacks well 

defined spiral keels but it has a higher spire and 

considerably smaller protoconch. H. rugosa, 

from the SE Pacific, has an almost closed 

umbilicus and a distinctive sculpture on the 

adapical part of teleoconch whorls. 

The shells referred to as H. aff. laxa differ in 

having a stronger spiral sculpture, and more 

regularly rounded, not depressed whorls. The 

protoconch sculpture and measurements are ho- 

wever indistinguishable from those in typical 

laxa. Two of these shells originate from the 

northern part of the Bay of Biscay. while the 

more depressed specimens are from further 

south. They may represent variation or belong to 

a distinct species. 

Haloceras sp. I 

Figs 68-69, 70-71, 104 

Material examined. New Caledonia. Biocai.. 
stn DW 70. 23-25'S, 167°53'E. 965 ni: 2 shs (mnhn). 

Australia. " Kapala" stn 80-20-10. off Svdnev. 
33'36'S, 152°05'E, 1105-1143m: 3 shs (ams C157269). 

Description. — Shell trochoid, with a low 

spire. Protoconch I, diameter 230 pm. not per- 

fectly preserved but with réticulation of anasto¬ 

mosing knobs and spiral cords. Protoconch II  

with 2 visible spiral keels, one well visible and 

one at or just above suture. Subsutural zone 

granulated. Teleoconch with up to 1.9 convex. 

Source : MNHN, Paris 
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regularly rounded whorls, sculptured with spiral 

cords and incrémental lines. Two spiral cords 

form indistinct keels at periphery. Umbilicus is 
open. 

Dimensions of largest sheli. Height 2.7 mm, 
breadth 3.1 mm. 

océan. Considering the vast distances (more than 

20,000 km) separating the locations, we judge the 

material insufficient to conclude if  one, somew- 

hat variable, or several, closely related species are 
involved. 

Larval sheli measurements: 

diameter 

(nm) 

Biocal DW 70 1020 

Biocal DW 70 1080 

AMS 157269 900 

ams 157269 920 

ams 157269 900 

no. whorls 

(prot.II) 

1.9 

1.9 

1.75 

1.95 

2.0 

Haloceras mediocostata 

(Dautzenberg & Fischer, 1896) 

Figs 56-57, 97-99 

Cithna carinata var. 
Fischer. 1896: 449. 

Cithna jeffrevsi var. 
Fischer. 1897: 159. 

Cithna carinata var. 
1927: 118. 

mediocostata Daulzenberg & 

mediocostata Dautzenberg & 

mediocostata — Dautzenberg 

Remarks. — These shells are somewhat inter- 

mediate between H. carinata and taxa. They hâve 

a higher spire and a stronger spiral sculpture 

than H. taxa, and a lower spire and bigger 

protoconch than H. carinata. There is no doubt 

however that Haloceras taxa and H. carinata are 

two distinct species in the North Atlantic. 

In fact these shells strongly resemble the NE 

Atlantic shells we hâve called Haloceras aff. taxa 

above, and may be conspecific with them. We 

would probably hâve treated them as a single 

species if they had originated from the same 

Type material. Lectotype, here designated, 

one sheli marked by Dautzenberg « type » in 

mom (Fig. 57); paralectotype from the same 
station in mnhn. 

Type locai.ity. Monaco, stn 553, 37°43'N 
25°05'W, 1385m, Azores. 

Material examined. Fastern Allantic. Monaco 
stn 553. Azores. 37°43'N. 25°05'W. 1385 m: Lectotynè 
(mom): 1 paralectotype (mnhn). Stn 578, 38°26'N 
26°3I'W, 1165m: I sh. Stn 703, 39'21’N 3|°06’w' 
1360m: 2 shs. ‘ W' 

Source : MNHN, Paris 
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Figs. 64-65. Haloceras japonica, off Oregon. 64, 
Specimen wilh partly broken body whorl showing lhe 
cmbryos brooded in ihc oviduct; scale line 1 mm. 
65, Larval shell of thc cmbryos; scale line 0.25 mm. 

Dautzenburg (1927) also listed material from stn 
203, 683, 698 and 719. We hâve examined this material 
in mom: the shell from stn 683 belongs to an undes- 
cribed species of Zygoceras (see p. 159); others are 
unrecognizable fragments, or hâve been destroyed by 
acidic glass tubes. 

suture slightly channeled but otherwise only 

moderately deep. Sculpture of spiral cords and 

incrémental lines. Two stronger cords form spiral 

keels at periphery; about 8 spiral cords on 

shoulder of body whorl, 3 at periphery between 

keels; 12 on base, extending to umbilical région. 

Umbilicus rather narrow, not encircled by cord. 

Aperture rounded; outer lip thin, simple, inner 

lip a Utile reflected over umbilicus. Colour of 

shell white, protoconch brown. 

Dimensions of a complété shell: Height 2.5 mm, 

breadth 2.6 mm; aperture height 1.2 mm, breadth 

1.3 mm. 

Larval shell measurements: 

diameter 

(gm) 

Monaco 553 1220 

Monaco 553 1240 

Monaco 578 1200 

Monaco 703 1300 

Monaco 703 1240 

(prot.II) 

2.1 

11 

2.0 

2.1 

2.0 

Remarks. — The assignment of this species to 

Cithna jeffreysi [= Benthonella tenella (Jeffreys, 

1869); Rissoidae] by Dautzenberg & Fischer, 

1897 was due to a printer's mistake (Dautzen¬ 

berg. 1927). 
H. mediocostata bears some resemblance to the 

keeled specimens of H. carinata (which lives in 

the same part of the North Atlantic), but can be 

separated by the size of the protoconch: diameter 

700-920 gm (mean 817 pm) in H. carinata, vs. 

1200-1300 pm (mean 1240 pm) in H. mediocos¬ 

tata-, H. carinata also has a higher spire. 

Haloceras millestriata (Okutani, 1964) 

Fig. 67 

Description. Shell small, thin, fragile, 

trochoid, consisting of 2.5 protoconch and up to 

2.3 teleoconch whorls. Protoconch globular, 

multispiral. Protoconch I, diameter 200 pm, with 

a sculpture of spiral cords. Protoconch II with 

two spiral keels (one at or just above suture) and 

a subsutural row of granules. In last part of 

protoconch II,  just before larval peristome, a few 

strong incrémental ribs; rest of protoconch 

smooth. Teleoconch whorls regularly convex. 

Torellia millestriata Okutani. 1964: 397, pl. 6, fig. 4. 

Type material. Holotype in Tokyo Uni- 

versity Muséum, rm 8822. 

Type locality. — 34°10'N, 140°05.5'E, 1230- 

1350m, 26 miles off Miyaké Island. Japan. 

Material examined. — Japan. 26 miles off Miyaké 
Island, 34°10'N, I40°05.5'E. 1230-1350 m: holotype 
(Tokyo Univ. Mus., rm 8822). 

Source : MNHN, Paris 



Figs. 66-71. Genus Haloceras. 66, H. galerita, holotype, heighl 2.6mm. 67, H. milleslriala, holotype, height 3.3mm 
68-69, Haloceras sp.l, ams C 157269. diameter 2.35mm. heighl 2.65mm. 70-71, Haloceras sp. I. Bloc ai. sln DW70 

diamcter 2.9mm. heighl 2.5mm. 

Source : MNHN, Paris 
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Remarks. - The holotype and only known 

shell of H. millesiriaiti has no larval shell. Our 

generic assignment is based on the general mor- 

phology of the teleoconch. The whorls are de- 

pressed and the spiral sculpture forms two 

indistinct keels at the periphery. Haloceras mil- 

lestriala ressembles a little H. luxa and H. 

rugosa, which both hâve a low spire, and regu- 

larly rounded whorls. It is however easily reco- 

gnizable by its even sculpture of strong spiral 

lines, and moderalely open umbilicus. 

Haloceras phaeocephala sp. nov. 

Figs 32, 43. 81-82, 95-96 

Type material. Holotype and 2 paratypes 

(1 live taken) ams Cl46202. 

Type locality. “ Kapala" 1980, 33°36'S, 

152°05'E, 1143-1106m, off Sydney, New South 

Wales, Australia. 

Materiai. examined. Australia. " Kapala" 1980, off 
Sydney, 33°36'S, 152°03'E, 1143-1106 m: holotype, 2 
paratypes (ams Cl46202). Off Sydney, 33°38'S, 
I52°03'E, 924-896m: 1 sh. (ams Cl 50189). Off Wollon- 
gong, New South Wales, 34°26'S. 15r27'E. 1200m: 2 shs 
(ams C150188). NE of Batemans Bay, New South 
Wales, 35'30'S, 150"52'E. 960-969m: I spm. (ams 
Cl 50190). 

Description. Shell small, solid, depressed 

rissoiform, consisting of 2.3 protoconch and 2 

teleoconch whorls with thick adhering periostra- 

cum. Protoconch 1, diameter 230 pm. nucléus 

with thin spiral threads which soon stop, leaving 

rest of protoconch I smooth, except for 4 spiral 

threads above suture. First whorl of protoconch 

II sculptured by continuation of spiral threads 

from protoconch I. Later sculpture of irregular, 

raised scratches and spirally elongated knobs 

develops and completely covers last protoconch 

whorl. Protoconch/teleoconch discontinuity very 

sharp. Teleoconch whorls convex, shouldered, 

with moderately deep suture. Sculpture consists 

of strong, broad axial ribs, thin incrémental 

lamellae and spiral cords. 11 axial ribs on first 

teleoconch whorl, and 15 on body whorl of 

holotype. 5 strong spiral cords at periphery of 

which adapical one forming a slightly spiny 

shoulder at intersections with axial ribs. 2, later 

on body-whorl 3, fainter spiral cords on shoul¬ 

der, 8 on base, of which one demarcates umbi¬ 

licus. Umbilical chink narrow. Ouler lip thin, 

simple, with most projccting point at lower third; 

inner lip slightly reflected and forming narrow 

callus over umbilicus, a little protracted at base. 

Colour of larval shell reddish brown. teleoconch 

with yellowish white periostracum. 

Dimensions: Height 3.33 mm, breadth 3.06 mm: 

aperture height 1.74 mm, breadth 1.50 mm. 

Larval shell measurements: 

ams 146202 
(holotype) 

ams 146202 

ams 146202 

ams 150188 

ams 150189 

ams 150190 

diameter 

(gm) 

1060 

940 

1000 

1000 

910 

890 

no.whorls 

(prot.Il) 

2.0 

1.8 

1.9 

1.9 

1.8 

Remarks. — There is variation in the strength 

of the sculpture. One of the shells (ams 150189) 

is almost devoid of axial ribs, but transitional 

specimens are présent, although sculptured spé¬ 

cimens appear to be more frequent. The sculp¬ 

ture, size and number of whorls of the proto¬ 

conch are the same in strongly and weakly 

sculptured shells and they are undoubtedly 

conspecific. 

The protoconch of H. phaeocephala differs 

from that of congeners in having a protoconch I 

with spiral threads on a smooth background. a 

character of Zygoceras. Protoconch 11 however is 

characteristic for the genus. 

Récognition of this distinctive little haloceratid 

should be easy since it is the only représentative 

of the family with a strongly sculptured. rissoi¬ 

form shell. 

Etymology. — From the Greek pliaios. 

brown, and kephale, head; to remind of the 

brown coloured protoconch. 

Haloceras rugosa sp. nov. 

Figs 72-73, 91-92 

Type material. Holotype lacm 2279. 

Type locality. Allan Hancock Founda¬ 

tion, stn 482, 01°09'S, 90°36'W, 455m, Galapagos 

Islands. 

Material examined. Galapagos Islands. Allan 
Hancock Foundation, stn 482, 01°09'S, 90°36'W, 
455 m: holotype (lacm 2279). 

Source : MNHN, Paris 
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Figs 72-77. Généra Haloceras and Zygoceras. 72-73, Haloceras rugosa, holotypc. hcight 2.95mm, diameter 3.65mm. 
74-75, H. taxa. Seamount sin CP30, height 2.1mm, diameler 3.4mm. 76-77, Zygoceras biocalae, holotypc, height 
7.0mm, diameter 9.6mm. 

Source : MNHN, Paris 
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Description. Shell solid. globular. consis- 

ting of 2.5 protoconch and 1.25 teleoconch 

whorls. Protoconch I, diameter 200 pm, with 

about 10 irregular spirals. interconnected by a 

net of anastomosing short trabecles. Protoconch 

Il with two spiral keels; one well exposed, one 

partly hidden at suture; rest of protoconch 

smooth except for one row of subsutural granu¬ 

les. Teleoconch whorls regularly convex. with 

deep suture. Umbilicus open. narrow. Sculpture 

above periphery of diverging, strongly opistho- 

cline radiating ribs which intersect rather coarse, 

prosocline incrémental ribs and produce irregu- 

lar hammered appearance. 5-6 regular spiral 

cords at and below periphery; another group of 

similar spiral cords, more crowded towards basal 

and umbilical région. Incrémental sculpture 

weak and indistinct. Aperture simple, outer lip 

sharp, thin. inner lip slightly reflected over 

umbilicus. Protoconch brown. teleoconch white. 

Dimensions of shell: Height 2.95 mm. diameter 

3.65 mm; aperture height 1.80 mm, breadth 1.95 

mm. 

Larval shell measurements: 

diameter no.whorls 
(Hm) (prot.II) 
1100 2.1 

Remarks. H. rugosa is characterized by the 

malleated appearence of the surface of the ada- 

pical part of its whorls, with the strongly opis- 

thocline ribs that cross prosocline incrémental 

ribs. This character, in combination with the 

small umbilicus and regularly rounded, unkeeled 

whorl facilitâtes the identification. 

Etymology. From the Latin rugosus, sch- 

riveled, wrinkled; to remind of the teleoconch 

sculpture. 

Haloceras spinosa sp. nov. 

Figs 80, 109-110 

Type material. — Holotype ams cl57270. 

Type locality. "Kapala", stn K80.20.10, 

33°36'S. I52°03'E. 1106-1143m. off Sydney, New 

South Wales, Australia. 

Material examined. Australia. " Kapala ”, stn 
K 79.20.14, off Broken Bay. New South Wales, 

33°38'S. 152°06'E, 1033 m: 1 sh. (ams C146529). Stn 
K 80.20.10, off Sydney. 33°36'S. 152'03'E. 1106-1143 
ni: holotype (ams Cl 57270). 

Lovaltv Basin (E New Caledonia). BlOGEOCAL, stn 
CP 232, 21°34'S, 166‘27'E. 760-790 m: 2 shs (mnhn). 

Description. — Shell small, solid, broadly 

rissoiform, consisting of 1.7 protoconch and 2.7 

teleoconch whorls, with thin, transparent, adhe- 

ring periostracum. Protoconch I. diameter 290 

pm, sculptured with about 10 rather fine spiral 

threads. Shell corroded at transition protoconch 

I/II.  Protoconch II smooth and shiny except for 

narrow subsutural zone of granules, and two 

strong spiral keels at periphery. Protoconch 

teleoconch transition abrupt, with peristome of 

protoconch slightly flaring. Teleoconch whorls 

convex with rather deep channelled suture. 

Sculpture consisting of strong spiral cords and 

weaker, lamellar axial ribs, forming small raised 

spines when they intersect. 4 spiral cords on first 

whorl, secondary spirals appear on body whorl 

between adapical cords; also one cord encircling 

slightly convex base, 4 other cords on base and 2 

more indistinct ones in umbilicus. Channeled 

appearance of suture results from it being lined 

by two adjacent raised spiral cords. 19 prosocline 

axial ribs on first teleoconch whorl, 32 on body 

whorl. Between these, fine incrémental lines. 

Umbilicus open, small. Aperture slightly depres- 

sed; outer lip sharp, simple; inner lip slightly 

reflected over umbilicus. Colour of larval shell 

brown, teleoconch white. 

Dimensions: Height 3.28 mm. breadth 2.88 

mm; aperture height 1.12 mm, breadth 1.32 mm. 

Larval shell measurements: 

diameter no.whorls 

(pm) (prot.II) 

holotype 720 1.2 

Biogeocal CP 232 675 1.3 

BlOGEOCAL CP 232 690 1.3 

Remarks. H. spinosa is immediately sepa- 

rated from other haloceratids by the spiny gene¬ 

ral appearance. 

Etymology. From the Latin spinosus, 
thorny; to remind of the teleoconch sculpture. 

Source : MNHN, Paris 
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Figs. 78-82. — Genus Haloceras. 78-79, //. Iricholropoides, holotypc. heighl 3.57 mm. diametcr 3.06min. 80, //. xpinosa, 
holôtype. heighl 3.28mm. 81, //. phaeocephala, holotypc. heighl 3.33 mm. 82, II. phaeocephala, ams C 150189] 
heighl 2.50mm. 

Source : MNHN, Paris 
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Haloceras tricarinata (Jeffreys, 1885) 
Figs 37-39. 50-52. 119-120 

Seguenzia tricarinata Jeffreys, 1885: 43. pl.5, fig.2. 
Seguenzia tricarinata- Quinn 1983: 744. 

Type material. Holotype bmnh 1885.11. 

5.2589. 

Type locality. — " Porcupine ” 1870, stn 
17a, 39°39'N, 09°39'W. 1347m, W of Portugal. 

consists of spiral cords and thin. raised, perios- 
tracal incrémental lamellae. About 15 spiral 
cords above periphery on early teleoconch, about 
20 on later parts. Base of shell and umbilical 
région with about 25 such spiral cords. Outer lip 
thin, simple, angular at periphery: inner lip 
sharp, simple, slightly reflected over umbilicus. 
Shell chalky white with strong yellowish brown 
periostracum. 

Dimensions of shell: Height 6.5 mm, max. 
diameter 14.1 mm: aperture height 4.8 mm. 
breadth 7.0 mm. 

Material examined. Eastern Atlantic. “  Por¬ 
cupine " 1870, stn 17a, W of Portugal. 39°39'N, 
09°39'W. 1347 m: holotype (bmnh 1885.11.5.2589). 

"Discovery", stn 10141. 24°34'N. 19‘41'W. 3460- 
3470 m: 1 spm and 1 larva (bmnh). 

Seamount, stn CP30. Gorringe Bank, 36°44'N, 
11°23'W, I940-2075m: 1 young sh (mnhn). 

Biacores, stn 126, Azores, 39’19'N, 33°47'W. 
3360m: 1 larva (mnhn). 

Biogas, stn DS 62, 47°33'N, 08°40'W. 2175m: 1 
larva (mnhn). 

Mozambique Channcl. Benthedi, stn 87, SE Glorieu¬ 
ses Islands, 11°44'S, 47°35'E, 3716 m: 2 shs (mnhn). 

South Africa. “  Galathea ”, stn 192, off Durban, 
32°00'S, 32*4 l'E, 3430 m: I sh (zmc). 

Distribution. Eastern Atlantic Océan and 
SW Indian Océan, between 40°N and 32°S, in 
1940-3716m (abyssal). 

Desc ription (of a shell from Mozambique 
channel). Shell large, solid. depressed, consis- 
ting of a globular larval shell with 3 whorls. and 
1.75 planispirally coiled teleoconch whorls. Even 
on best preserved benthic specimen protoconch I 
and initial part of protoconch II corroded. 
Protoconch II with one strong, raised spiral 
thread well above suture, a second similar one, 
hidden by subséquent whorl, apparent only on 
terminal part of protoconch. In addition to 
raised spirals, also weaker periostracal spiral 
threads présent on body-whorl of protoconch, 4 
such spirals between adapical suture and raised 
keel, 4 between raised keel and abapical suture. 
Protoconch/teleoconch transition very sharp. Te¬ 
leoconch with slrongly keeled whorls, giving shell 
a lenticular appearance. Whorls convex above 
and below keel. Body-whorl adhering to penul- 
timate whorl just below keel, thus concealing 
suture in a channel. Umbilicus broad and deep, 
continuous with larval umbilicus. Sculpture 

Larval shell measurements: 

diameter no. whorls 

Benthedi 87 

Benthedi 87 

"Galathea" 192 

"Discovery" 10141 

Seamount CP 30 

Unmetamorphosed larvac: 

holotype 

Biacores 126 

Biogas DS 62 

"Discovery" 10141 

(pm) (prot.II) 

1800 ? 

1920 ? 

2300 2.3 

1500 ? 

2100 2.6 

2080 2.2 

2110 2.4 

1810 2.5 

1750 2.5 

Remarks. Quinn (1983: 744) recognized 
that the holotype of Seguenzia tricarinata is a 
larval shell. Only a single species of Halocerati- 
dae has a protoconch of this size (see measure¬ 
ments above and p. 159), which enables 
identification of S. tricarinata. This larval shell is 
superficially similar to certain nassarid larval 
shells and was erroneously regarded as such by 
Quinn (1983: 744). Nassarid larval shells hâve a 
broad and shallow sinusigera notch above the 
peripheral keel. The name tricarinata was based 
on the three strong keels présent on the larval 
shell. Of these only the adapical keel remains well 
visible on the apex of the postlarva, the médian 
keel is usually hidden just above or just below the 
suture, and the basal (abapical) keel is totally 
covcred by the first teleoconch whorl. 

Haloceras tricarinata can be identified, both as 
a larva and as a benthic snail, by its large 
protoconch. If  this is destroyed, the lens-shaped. 
strongly keeled teleoconch, resembling certain 
land snails of the genus Iherus is characteristic. 
Among other species of Haloceratidae. it is only 
the larval shell of H. cingulata which approaches 

Source : MNHN, Paris 
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Figs. 83-88. Gênera IIaimeras and Zygoceras. 83, Haloceras exquisila. hololypc. height 1.8mm. diameler 1.75mm. 
84-85, Zvgoceras tropidophora, holotype, heighi 8.7mm. diameler 11.9mm. 86-87, Zygoceras sp., Monaco stn 683 
heighl 1.25mm, diameler 1.7mm. 88, H. acrocomata, hololypc. heighl 2.07mm. 

Source : MNHN, Paris 
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the size of that of H. tricarinata (range 1300-1660 

vs. 1500-2300 pm). The spécifie name is most 

unfortunate in view of the general appearance of 

the adult shell. 

The specimen from off NW Africa (“ Disco- 

very", stn 10141) is still more lenticular (height 

3.6 mm. diameter 10.1 mm; aperture height 3.0 

mm. breadth 6.2 mm), with a weaker spiral 

sculpture, and the diameter of the larval shell is 

significantly smaller than in the 3 lndian Océan 

snails; it may represent another species, although 

the large sized larvae from the SW lndian Océan 

and the NE Atlantic appear to be conspecific. 

Haloceras sp. 2 

not figured 

Material bxamined. Australia. " Kimbla " 1984, 
stn 17, NE of Sandy Cape, Queensland, 1330-1380m. 
I sh (ams Cl46279). 

Description. Shell small, solid, lenticular, 

consisting of about 3 protoconch and slightly 

more than one teleoconch whorl. Larval shell 

globular, multispiral. Apical part partly corro- 

ded, only sutures left, so size and sculpture of 

protoconch I cannot be determined. Protoconch 

II smooth, except for two spiral keels. Teleo¬ 

conch whorl depressed, with one sharp keel at 

periphery; parts of whorl above and below keel 

regularly convex. Body whorl is adhering to 

penultimate whorl just below keel, giving suture 

very deep appearance. Sculpture consisting of 

strong spiral cords and much finer, rather indis¬ 

tinct incrémental fines. About 20 spiral cords 

above keel, same number on base, extending into 

umbilicus. Umbilicus very broad, not encircled 

by a cord. Aperture ovoid, much broader than 

high, angular at periphery. Outer lip sharp, thin, 

inner lip slightly reflected over umbilicus. 

Dimensions: Height 2.7 mm, breadth 5.05 mm; 

aperture height 1.8 mm, breadth 2.70 mm. 

Larval shell measurements: 

diameter no.whorls 
Oun) (prot.il) 
1580 ca. 2.3 

Remarks. — Haloceras sp. 2 is very similar to 

H. tricarinata in having a single sharp peripheral 

keel. In typical H. tricarinata however, the 

whorls are increasing more rapidly in diameter: 

at a finie more than 1 teleoconch whorl, their 

diameter is already 7.2-8.5 mm, vs. only 5mm in 

Haloceras sp. 2. Also, in H. tricarinata, the 

peripheral keel is still sharper and more promi¬ 

nent. However. the larval shell characteristics fall 

within the range of variation observed for typical 

tricarinata. Only further material may solve the 

identity of this single shell. 

Haloceras trichotropoides sp. nov. 

Figs 78-79, 111-112 

Type material. Holotype and one pa- 

ratype. both live taken, usnm 450423 and 859418. 

Type locality. " Aeolis", stn 326, 136m, 

off Sand Key, Florida. 

Material examined. Western Atlantic (Florida). 
"Aeolis", stn 326, off Sand Key. 136 m: holotype 
(usnm 450423); 1 paratype (usnm 859418). — Stn 338. 

off Sand Key, 156 m: 1 sh (usnm 450526). - Stn 344, 
off Key West. 183m, 1 sh (USNM 450536). — Stn 369, 
off Ajax Recf, 146-182m. 1 sh (usnm 450971). Stn 
370, off Ajax Reef, 128-165m, 2 shs (usnm 450572). — 
Stn unknown: 1 sh (usnm 878134). 

Description. Shell small, solid, conical, 

trochiform. consisting of 1.5 protoconch and 

3 teleoconch whorls. Protoconch depressed. al- 

most planispirally coiled. Protoconch I diameter 

280 pm, with about 12 regular spiral cords. 

Protoconch II with two strong spiral keels, 

otherwise smooth: A third more basal keel. 

hidden by first teleoconch whorl, is visible on a 

juvénile with less than one postlarval whorl. 

Teleoconch with regularly convex whorls, a deep 

suture, and thick adhèrent periostracum. Sculp¬ 

ture consists of spiral cords and axial periostracal 

lamellae. 5 spiral cords at periphery slightly 

stronger than 5 above shoulder and 7 on base, of 

which one encircles umbilicus and two are situa- 

ted in umbilicus. Periostracal lamellae strongest 

on adapical part of whorl, where forming scale- 

like projections adhering to preceding whorl. 

Umbilicus rather broad, open. Aperture roun- 

ded; outer lip sharp, thin; inner lip not rellecled 

over umbilicus, with shallow siphonal dépres¬ 

sion. Colour of protoconch brown, teleoconch 

light amber brown. 

Dimensions: Height 3.57 mm, breadth 3.06 mm: 

aperture height 1.40 mm, breadth 1.38 mm. 

Source : MNHN, Paris 
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Larval shell measurements: 

diameter 

(Hm) 
usnm 450572 670 

usnm 450572 670 

USNM 450526 700 

USNM 450536 660 

usnm450971 610 

usnm 438412 650 

usnm 450423 650 

usnm 450423 650 

Remarks. H. triehotropoides has the smal- 

lest protoconch of ail known haloceratids, with 

no.whorls only a single, almost planispiral whorl in proto- 

(prot.ll) conch II. Il resembles a little H. carinata, which 

1.05 is partly sympatric wilh it in the West Atlantic, 

1.05 but thaï species has less coarse teleoconch sculp- 

l.O ture, and a globular protoconch consisting of 

1.05 1.7-1.9 whorls in protoconch II.  

1.0 
1.05 Etymology. From the genus name Tricho- 

I os tropis and the suffix -aides, having the form of; 

i 05 meaning that it ressembles thaï genus. 

Genus ZYGOCERAS nov. 

Type species. — Zygoceras tropidophora sp. 
nov. 

Diagnosis. Haloceratidae with (in species 

with planktotrophic development) light yellowish 

multispiral protoconch. Protoconch I smooth 

except for 4-6 thin spiral cords placed near 

periphery. Protoconch II with two strong spiral 

keels of which one is hidden below suture by 

successive whorl. Teleoconch depressed with 

slrongly angular whorls, narrow to closed umbi- 

licus, and aperture with a swelling at base of 

columellar pillar. Soft parts with characters of 
the family. 

Rhmarks. — Zygoceras differs from Haloceras 

by the general shape and sculpture of the proto¬ 

conch. The protoconch is low spired and light 

yellowish in Zygoceras, high spired and brown in 

Haloceras. Protoconch I has only 4-6 thin spiral 

cords on a smooth background in Zygoceras, vs. 

anastomosing riblets and pustules in Haloceras. 

In Zygoceras protoconch II has two spiral keels, 

of which one only is left apparent above suture 

by successive whorl; in Haloceras there are three 

spiral keels, with two left apparent above suture. 

The columellar swelling of the teleoconch ap- 

pears to be absent in Haloceras, also in the two 

larger species of comparable size (cingulata, 

tricarinata). 
Although we hâve emphasized here the cha¬ 

racters of the protoconch of species with plank¬ 

totrophic development, we fully expect that 

species with non-planktotrophic development. 

and lherefore paucispiral protoconch, may occur 

in both généra. 

Etymology. From the Greek, zygos, a pair, 

and the suffix -ceras, as in Haloceras-, to mean 

that the new genus forms a pair wilh Haloceras, 

and also to remind the two strong spiral keels. 

Zygoceras biocalac sp. nov. 

Figs 76-77, 123-124 

Type material. Holotype in mnhn. 

Type locality. Biocal, stn DW48 

23°00'S, 167°29'E, 775 m. off S New Caledonia! 

Material examined. New Calcdoniu. Bio¬ 

cal, stn DW 48, 23°00’S, I67°29'F., 775 m: 

holotype (mnhn). 

Description. Shell large, thin, solid, globu¬ 

lar, with low spire of 1.75 protoconch and 2.3 

teleoconch whorls. Larval shell depressed dome- 

shaped. Sculpture and limits of protoconch I not 

visible on only shell available. Protoconch II with 

approximately 1.25 whorls. diameter 1000 pm. One 

spiral keel just above suture, a second one hidden 

at suture. F.xcept for these keels, protoconch 

smooth. Protoconch/teleoconch transition less 

distinct than in olher haloceratids. Teleoconch 

whorls convex; after First, regularly convex 

whorl, two spiral keels, becoming stronger on 

body whorl. In addition to keels, subtle, ill-  

Source : MNHN, Paris 
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defined, spiral threads and strong, prosocline and 

oblique, incrémental ribs. Very narrow umbilical 

chink, almost closed by reflected inner lip. Aper- 

ture wide, rather rounded despite spiral keels. 

Outer lip thin, columellar pillar straight. Teleo- 

conch white. 

Dimensions: Height 7.0 mm, breadth 9.6 mm; 

aperture height 4.5 mm, breadth 5.1 mm. 

Remarks. — Zygoceras biocalae is a very 

distinctive species, that is best identified by its 

bicarinated teleoconch whorls of rapidly increa- 

sing diameter, and by its almost closed umbili- 

cus. Haloceras cingulata has a broad open um- 

bilicus, and a sculpture of strong spiral cords; H. 

exquisita and H. acroeomata hâve thin, strong 

axial lamellae in addition to two very sharp keels 

at the periphery. It resembles Z. tropidophora in 

having a depressed protoconch with the keel 

almost hidden by the next whorl, and in that 

protoconch I lacks the complex sculpture of 

anastomosing ridges and granules. 

Etymology. From the cruise name Biocal, 

a contraction for Biologie and CALédonie, during 

which the material was collected in 1985. 

Zygoceras tropidophora sp. nov. 

Figs 28-30, 35, 84-85, 121-122 

Type material. — Holotype in mnhn; one 

paratype dissolved for anatomical investigation. 

Type locality. Musorstom 6, stn 438, 

20°23'S. 166°20'E, 780m, Loyalty ridge, E of 

New Caledonia. 

Material examined. Loyalty Islands (E of New 
Caledonia). Musorstom 6, stn 438, 20°23'S, 166°20'E, 
780 m: holotype, 1 paratype (mnhn). 

Kermadec Islands. “  Akademik Nesmeyanov ", off 
Curtis Island, 30’28'S, I78°37'W, 1000 m: 1 sh (nmnz 
MF49882). 

Description. Shell large, solid, depressed, 

consisting of 2 protoconch and 1.75 teleoconch 

whorls. Protoconch with very low spire. Proto¬ 

conch I, diameter 300 pm, sculptured by a few 

spiral lines. Protoconch II, diameter 1400 pm, 

consisting of 1.6 whorls, smooth with sharp 

spiny keel at periphery, just above suture; pro- 

jecting spines calcareous. not periostracal. Teleo¬ 

conch whorls very angular, of rapidly increasing 

diameter. Body-whorl very large. 2 strong keels 

at periphery give the whorl a roughly square 

cross-section. Shoulder and base moderately 

convex. Beside 2 keels, sculpture consists of thin 

weak spiral cords and incrémental ridges; ridges 

stronger at periphery and fading on shoulder and 

base. Between pcriphcral keels, spiral and axial 

sculpture of equal strength; intersections forming 

fine sharp décussation. No umbilicus. Aperture 

strongly angular, with basal part considerably 

drawn out, slightly flaring. Outer lip thin, sharp. 

Inner lip indistinct. Columellar pillar strong. 

excavated at mid aperture height, slightly twisted 

below. Colour of protoconch light yellowish 

brown, teleoconch white. 

Dimensions: Height 8.7 mm, breadth 11.9 mm; 

aperture height 7.1 mm, breadth 6.8 mm. 

Larval shell measurements: 

diameter no. whorls 

(pm) (prot.10 

holotype 1400 1.6 

nmnz 49882 1450 1.8 

Remarks. - Zygoceras tropidophora can 

hardly be confused with any other species of 

Haloceratidae. Halocears cingulata differs by 

having much more depressed whorls and aper¬ 

ture, weaker peripheral keels, and a broad open 

umbilicus. Z. hiocalae has a similar low proto¬ 

conch, but with fewer whorls and without pro- 

jecting spines on the spiral keel. Furthermore it 

has a small but distinct umbilicus, weaker spiral 

sculpture and a more rounded aperture. 

The protoconch of Z. tropidophora stands out 

among ail gastropod larval shells we hâve exa¬ 

mined in having a keel of solid calcified projec- 

ting spines (not periostracal bristles as is found in 

a number of Tonnoidea). In that respect it 

resembles a miniature Cochliolepis gruveli from 

West Africa (see Adam & Knudsen 1969: fig.33). 

Etymology. — From the Greek tropis. keel, 

and phoreus, carrier; to remind of the teleoconch 

sculpture. Tropidophora is also a genus of land 

snails from Madagascar, which has a superficial 

ressemblance with Zygoceras. 

Source : MNHN, Paris 
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Figs. 89-96. Protoconchs of Haloceras. 89-90, H. exquisila, holotype. 91-92, II. rugosa, holotype. - 93 H 
acrocomata, holotype. 94, H. acrocomata. AMS C 147279. 95-96, //. phaeocephala. paratype. Scale lincs 250 uni 
(89, 91, 93. 95) and 50 pm (90, 92, 94, 96). 

Source : MNHN, Paris 
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FiCis. 97-104. Protoconchs of Haloceras. 97-99, II. mediocostata, Icctolypc. 100-102. H. galerila, holotype. 103, 
II. Iieliptyx. holotype. 104, Haloceras sp.l. ams C 157269. Scalc Unes 250 pm (97-98. 100-101. 103-104) and 50 um 
(99, 102). 

Source : MNHN, Paris 
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Figs. 105-112. — Protoconchs of Haloceras. 105-106, II. carinata, syntype of Salarie Ha ainsi rie la. 
unmetamorphosed larva. incal stn DS3. - 100-110, II. spinosa. holotypc. 111-112, //. tricha 
Scale lines 250 pm (105-107, 109, 111) and 50 pm (108, 110. 112). 

107-108. H. carinata, 
ipoiilc.s. usnm 450526. 

Source : MNHN, Paris 



MOLLUSCA GASTROPODA : NEW FAMILY  HALOCERATIDAE 157 

Figs. 113-120. Protoconchs of H aimeras. 113, H. cingulata, " Thalassa ”  stn Z435. 114-115, H. cingulata. Seamount 
sln CP30. 116-118, H. taxa. Seamount sin CP30. 119-120, H. tricarinata. “  Discoverv " sin 10141. Scale Unes 250 
Hm (113-114. 116-117. 119) and 50 nm (115. 118. 120). 

Source : MNHN, Paris 
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Figs. 121-126. Proloconchs of Zygoceras. 121-122, Z. iropidophora, hololypc 123-124. Z. biocalae, hololvne 
125-126. Zygoceras sp.. Monaco sln 683. Scalc Unes 250 pm (121, 123, 125) and 50 pm (122. 124. 126). 

Source : MNHN, Paris 
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Zygoeeras sp. 

Figs 86-87. 125-126 

Material examiner. Kastcrn Atlantic. Monaco, 
stn 683, Azores, 38°20'N, 28<’05'W. 1550 m: 1 young sh 
(mom). 

Remarks. A very characteristic juvénile 

with 0.6 postlarval whorl, which cannot be 

identified with any of the described species. 

Protoconch I, diameter 350 pm, has a sculpture 

of spiral cords on the nucléus and the abapical, 

coiled part, leaving a smooth adapical zone. 

Protoconch II. diameter 980 pm. is low-spired 

and has 1.25 whorls with only 2 keels instead of 

3 as in Halocercis. One keel is visible above the 

suture, a second one concealed by the suture. 

The teleoconch has two strong keels at periphery. 

IDENTIFICATION: SUMMARY OF LARVAL  SHELL CHARACTER1STICS 

The multispiral protoconch of the Halocerati¬ Table 2. - Larval shell characteristics 

dae offers very good characters for identification of Haloceratidae 

of the species. To facilitate comparisons, we hâve 

compiled the characteristics of ail species below. 
diameter(gm) no.whorls 

arranged from the smallest to the largest larval prot.ll 

shell. range mcan range r 

trkhotropoides 610-700 657 1.0-1.05 1.04 8 

spinosa 675-720 695 1.2-1.3 1.27 3 

heliptyx 770 770 ? 1 

carinata 700-920 817 1.7-1.9 1.82 16 

exquisita 870 870 2.1 2.1 1 

phaeaccphala 890-1060 967 1.8-2.0 1.87 6 

acrocomata 940-1000 970 1.4-1.6 1.49 4 

bioealae 1000 1000 1.25 1.25 1 

galerita 1080 1080 2.1 2.1 1 

taxa 980-1200 1118 1.7-1.8 1.76 8 

rugosa 1100 1100 2.1 2.1 I 

mediocostata 1200-1300 1240 2.0-2.1 2.06 5 

Iropidophora 1400-1450 1425 1.6-1.8 1.7 2 

cingulata 1300-1660 1466 2.1-2.3 2.19 7 

tricarinata 1500-2300 1930 2.2-2.6 2.42 9 

Not cnlcrcd in table: japonica, millestriata. 
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